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SUMMARY

Activities of the NASA Special Committee in Materials
Research for Supersonic Transports during the first 19 months
of its life are summarized. Detailed results from the several
investigations of sheet materials for wings and fuselage made
under the Committee cognizance are presented. Committee
recommendations for further research are outlined.
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FOREWORD

In February 1961, the National Aeronautics and Space Administration,
as one of its contributions toward the effort to design a supersonic transport,
established the NASA Special Committee on Materials for Supersonic Transports.
At a meeting held in November 1962, this Committee agreed to publish a report
on its progress during the first 19 months of its life. For convenience, the
report is presented in two parts. Part I was prepared by Mr. R. H. Raring of
NASA Headquarters and presents general information on committee activities
and status of research. Part Il was prepared by J. W. Freeman, J. W. Schultz,
and R. H. Voorhees of the University of Michigan. It presents data generated
by the Committee programs and covers results of research carried out by a
number of organizations.
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PART I - COMMITTEE ACTIVITIES

By Richard H. Raring
NASA

INTRODUCTION

This progress report has been sponsored by the NASA Special Committee
on Materials Research for Supersonic Transports (SST) with two chief purposes:

(1) to summarize recent and current research, most of which has not
been previously published, on sheet materials for SST, and

(2) to serve as a progress report and record of the first 18 months of the
Committee's activities.

The Committee is composed of representatives of those airframe com-
panies, alloy producers, and government agencies most directly concerned with
the SST. Its purposes are to provide advice on SST materials research, to make
available to all interested parties an instrument for promoting and coordinating
research, and to effect a faster and wider exchange of research results.

The Committee and its several ad hoc Panels, in close conjunction with
representatives of research-sponsoring agencies and many research investiga-
tors, have devoted considerable effort to detailed planning of research. As a
consequence of this unified planning, much of the current research on SST sheet
materials is related and complementary. To the extent possible, therefore,
results of the investigations coordinated through, or inspired by, the Committee
are presented in an integrated form as part II of this report. It was judged that
such a combined and single publication of results from separate but closely
related studies would facilitate their distribution and use.

The identity of the laboratories and of individuals who conducted the
research is preserved and acknowledged. The very substantial tasks of col-
lecting the detailed data from the various sources, such as progress reports,
Committee presentations, and private correspondence; and of arranging them in
common format for tabulation and display, were performed by Professor James
W. Freeman and his associates at the University of Michigan. Their accom-
plishment of this intricate undertaking in a systematic fashion is acknowledged
with thanks.



COMMITTEE HISTORY AND SCOPE

Materials for SST has been a subject of concern and speculation by air-
frame companies for many years. However, substantial and specific research
on SST materials had to await the evolvement of the approximate characteristics
of the aircraft, especially its speed, life-time, flight profile, and operating
environment. By late 1960, these characteristics began to crystalize sufficiently
to enable materials engineers to estimate the materials requirements and to
start the research and development needed to meet them (refs. 1 and 2).

At approximately the same time, official recognition was made of a wide
and growing conviction that the cost of developing an SST within a reasonable
time was beyond the technical and financial resources of any single company
(ref. 3). Assistance and encouragement from the Government were needed to
bring the diverse capabilities of the nation's industries and laboratories to bear
on the many problems in a correctly orientated, efficient, and coordinated
fashion. In reference 3 the Federal Aviation Agency (FAA), the Department of
Defense (USAF), and the NASA recommended that their organizations jointly
start a ''vigorous effort . . . immediately in order to have an operational air-
craft in the 1970 time period.'" Under these recommendations, the FAA was to
assume leadership and to provide the chief financial backing, while the Air
Force and the NASA were to provide technical support. These recommenda-
tions were accepted and have been put into practice.

As one of its contributions to this national SST endeavor, the NASA in
February 1961, established the Special Committee on Materials Research for
Supersonic Transports. To hold the Committee to a manageable size, member -
ship was limited to representatives of the three government agencies involved,
the large-airframe companies, and the chief producers of those alloys having
the most potential for SST airframes. However, the rightful concern with the
affairs of the Committee of all sectors of the industrial and scientific community
that could make contributions to, or be significantly affected by, the Committee's
actions was recognized. Minutes of meetings are being sent to all interested
organizations; counsel and suggestions from nonmember organizations in the
form of presentations at meetings or written reports are accepted and often
solicited; in several instances nonmembers have been invited to join with
Committee Panels appointed to study specific matters in depth.

When the Committee was established and its scope defined, it was recog-
nized that a Mach 3 transport differed so radically from all previous transport
aircraft that serious problems would arise with virtually all its materials; for
example, sheet, extrusions, forgings, hydraulic fluids, lubricants, fuels,
glazing, engine parts, tires, etc. Nevertheless, the Committee decided to
limit the scope of detailed study to investigations of sheet materials for wings
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and fuselage. This decision was made because (1) sheet materials were believed
to be the major materials problem and (2) practical realism clearly dictated

that a Committee working on detailed matters must be specialized to be effective.
With the exception of the recent establishment of a Committee Panel to study the
possible existence and severity of the problems of materials for heavy sections,
such as forgings and extrusions, the Committee has restricted its attention to
sheet materials.

COMMITTEE PROCEDURE

During the first 19 months of its life, the Committee has held seven
meetings. Much of the meeting time, especially during the earlier meetings,
was occupied by detailed reports from representatives of government agencies
and industry on recent and current work directed at, or closely related to, SST
materials. This familiarization of the Committee with research in progress,
which was as comprehensive as practicable, was a recognized prerequisite to
informed discussion and rational decisions on needed additional work. After
identification by the Committee of the most critical problem areas, Committee
Panels are appointed for further and more detailed study of specific problems.

Panel reports, containing documentated background and detailed recom-
mendations, are submitted to the entire Committee membership for review and
action. Recommendations that received approval of the Committee are sub-
mitted to joint NASA-FAA-DOD task groups established to shape an overall and
balanced SST effort that includes all major research areas, for example,
engines, structures, operations, fuels, and such, as well as materials. The
Committee recommendations are also available, in a less detailed but widely
distributed form, as meeting minutes for the information of all interested
parties.

STATUS OF RESEARCH UNDER COMMITTEE COGNIZANCE

Preliminary Screening Test

A few months before the first meetings of the Committee, the NASA in
its own laboratories and under contract, started a series of ''screening' investi-
gations designed to produce data on which to base comparison of the many alloys
that were being advocated for SST. It should be understood that these studies
were neither intended nor expected to result in design data, or even to lead to
material selection. Their purpose, rather, was to enable materials engineers
to make rational eliminations from the many alloys that were being seriously
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suggested. Lessening the number of candidate alloys was recognized as a neces-
sary first step in the planning of subsequent and more concentrated work on a
minimum number of materials. This decision becomes clear from the fact that
27 different alloys, not including the variations in heat-treatment on temper of
individual alloys, are included in the preliminary screening. Some of the first
tasks of the Committee were assisting in the selection of alloys to be screened,
the establishment of conditions of test, and the interpretation of results as they
accumulated.

Since the Committee's guidelines, as fixed by references |l and 2, pre-
scribe a cruising speed of Mach 3, which would result in surface temperatures
as high as 650° F, and likely 1200° F in the engine area, it was clear from the
outset the chief attention should concentrate on stainless steels, titanium alloys,
and superalloys. The scope of the screening program was affected also by the
guideline dealing with overall timing of the SST. Reference 3 sets a time goal
which led to the conclusion that only those alloys whose development was virtu-
ally completed and whose producibility and availability were assured should be
screened. In some instances, however, alloy producers engaged in the final
stages of development of new alloys or in minor alterations of existing alloys
have extended or modified the test methods they use to characterize their new
materials so as to conform with the conditions of the screening test program.
Such private endeavors were encouraged by the Committee and the results have
been included in its reviews of screening data.

These preliminary screening tests are now nearing completion. The
accumulated results as of September 1962 are presented in detailed form in
part II of this report.

Stress Corrosion Screening Tests

Studies by a Committee Panel on Corrosion of SST alloys led to the con-
clusion that screening-type tests to determine susceptibility to stress corrosion
of the candidate alloys should be extended beyond the scope of the stress-
corrosion investigator of the preliminary screening, results of which are
reported in part II. This recommendation was accepted, and an FAA-sponsored
Air Force contract with the Douglas Aircraft Company was established in April
1962 to extend stress-corrosion studies. Under this contract, leading candidate
alloys are being evaluated in natural-exposure tests at El Segunda and Kure
Beach, in laboratory salt-spray and alternate-immersion corrosion tests.

Creep Tests

The likelihood of significant creep occurring in the SST cannot be pre-
dicted with satisfactory certainty. This uncertainty arises from the nearly



total lack of creep data at the temperatures and the steady-state creep rates of
chief interest. A Committee Panel made an assessment of the importance of
creep in SST by extrapolating, with the more common time-temperature, creep-
ruptured parameters, available creep data from higher-temperature, shorter-
time tests. The conclusions, which the Panel recognized as being based on
questionable extrapolation, indicated that creep could be a matter of concern
with titanium alloys, but likely would not be with steels or superalloys. Conse-
quently, two actions have been taken:

(1) Under an NASA contract, the Convair Division of the General
Dynamics Company is developing a creep machine with superior sensitivity and
temperature stability, capable of measuring very low steady-state creep rates.
The need for such creep data is evident from the fact that the SST airplane will
be designed for a 30, 000-hour minimum life, and that total permissible creep
strain in some parts will be as low as O.1 percent.

(2) Under an Air Force Contract, General Dynamics, Fort Worth, will
carry on creep tests at stress levels, temperatures, and times representative
of SST operating conditions. Alloys to be tested will be: Ti-8Al-1Mo-1V double
annealed; Ti-6Al1-4V annealed; AM 350 SCT-850; PH 15-7 Mo RH 1100; and
Rene 41 20% CR 16 hr. at 1400° F.

Fracture Toughness

In the screening program, notch tests are conducted with the l-inch-wide
edge-notch or the 2 inch-wide center fatigue-notched specimens. The Committee
considered that the notch testing should be expanded to include larger specimens,
more nearly representative of aircraft structures. A Committee Panel appointed
to study this matter recommended additional notch-toughness studies, using
larger specimens. Since work with larger and more complex specimens is more
costly and slower than with small screening specimens, it was recommended
that a minimum number of alloys be used. Guidance from the screening tests
in the selection of materials for the larger tests was expected.

These Panel recommendations received Committee endorsement and
form the basis of an FAA-sponsored Air Force contract made with the Douglas
Aircraft Company in April 1962. Under this contract 8-inch-wide specimens
with center fatigue cracks are being tested at temperatures ranging from -110° F
to 1400° F. Variables to be studied will include crack length, strain rate,
thickness, and exposure time at 650° F. The alloys used will be: Ti-8Al-1Mo-1V
1400° F duplex annealed; Ti-6Al-4V annealed; René 41 20% CR 16 hr. age at
1400° F; air-melted AM 350 SCT-850; and PH 15-7 Mo RH 1100.



Coatings

Interest in protective coatings for SST materials arises for two reasons.
First, there are some nonstainless steels with excellent potential for SST, which
are not seriously considered because they would rust in service. A practicable
protective coating could overcome this fatal deficiency of what might otherwise
be an optimum material. Second, there is concern about discoloration that will
appear on the fuselage and wings of an SST made with stainless steels and
titanium alloys.

On several occasions, the Committee discussed the merits of various
types of coatings for SST, always with the conclusion that not enough is known
about individual coatings to judge feasibility of coating. It was concluded that a
detailed survey of all promising coating processes, together with laboratory
tests representing SST operating conditions, was needed. To satisfy this need,
the NASA has engaged the Southern Research Institute to conduct such a survey
and investigation.

Fatigue

Comparison of alloys on the basis of their ability to resist fatigue under
SST operating conditions is seriously hindered by the lack of pertinent data.
This state of affairs was early recognized by the Committee, and fatigue tests
were included in the original screening program. However, mention of the
screening fatigue is made here, rather than above with the preliminary screening
tests, because of its relationship with other fatigue investigation, and because
the fatigue screening had not progressed sufficiently for inclusion in the
screening summary of part II of this report.

In the SST fatigue testing program at the Langley Research Center, can-
didate alloys are held at 550° F for various times, up to three years, without
stress. After exposure, fatigue life of both notched and unnotched specimens
will be determined at 70° F with mean tension stresses of 25, 000 psi for titanium
alloys and at 40, 000 psi for steels. Alloy will include Ti-6A1-4V in both the
annealed and the heat-treated conditions; Ti-4Al-3Mo-1V (aged); Ti-8Al-1Mo-1V
(mill annealed); PH 15-7 Mo; AM 350 CRT 20%; AM 350 double aged; and AISI
type 301 50% cold rolled.

In addition to these fatigue screening tests, the Langley Research Center
will determine the rate of fatigue crack extension in 8-inch-wide center-notch
specimens. The breaking strength of specimen after various amounts of fatigue
crack extension will be measured in static tension at -110° F, 70° F, and 550° F.
Alloys will include those listed in the previous paragraph plus Ti-8Al-1Mo-1V
duplex annealed and René 41.
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Under NASA contracts made in the summer of 1962, the Battelle
Memorial Institute will determine the fatigue properties at 650° F, 70° F, and
-110° F of Ti-8Al-1Mo-1V duplex annealed and AM 350 20% CRT. The Chance
Vought Aircraft Company will conduct fatigue tests of specimens containing
mechanical joints and also welded specimens representative of aircraft parts.
These two investigations will use common materials, from the same mill lots.

RATING OF SST ALLOYS

Selection of a material for a specific use, like all selection, entails com-
promise. One single material is never the best in all significant aspects. It is,
therefore, the responsibility of the materials engineer to find or to develop the
overall-optimum material through profitable compromise, that is, the accep-
tance of a disadvantage with an accompanying and overbalancing advantage. Such
trade-offs, seldom easy to make on a sound and rational basis, become espe-
cially critical and difficult when they entail far-reaching decisions on materials
for an entirely novel application. Such is the case in selection of SST materials
today.

At its second meeting, the Committee set out to devise a rationale for
rating and selection of SST materials, to be founded on a formal procedure for
the objective and quantitative evaluation of materials in terms of the important
and precisely defined parameters. To accomplish this, a special Panel of the
Committee has devised an SST materials rating procedure which has, in the
process of its evolution, received critical examination by the entire Committee
and by engineers of the staffs of several airframe companies. Neither the
Committee nor the Panel is entirely satisfied with this rating process in its
present form. Nevertheless, it is presented here because it represents a best
attempt to organize and rationalize the sometimes imprecise and prejudice-
prone process of material selection.

In table I, the parameters that the rating process takes into account are
defined. Notice that many of these specialized definitions are shaped to the
unique requirements of a Mach 3 airplane. The parameters are of three kinds
identified as: discriminating, nondiscriminating, and go-no-go.

The discriminating parameters are those which represent character-
istics of a material to which quantitative values can be given. It is on the basis
of thse parameters that trade-offs can be made. They are: strength, toughness,
thermal stress, fatigue, stability, formability, cost, stiffness, and as-welded
strength.

The nondiscriminating parameters, that is, availability and produci-
bility, do not allow comparison or quantitative discrimination among materials.
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Obviously, they represent requirements which must be met if a material is to
be considered at all.

The go-no-go parameters represent characteristics of a material to
which quantitative values can be assigned, but which must meet a certain fixed
minimum value. Merit in excess of this minimum would be of limited useful -
ness, and such excess merit would not likely offset any inferiority in terms of
discriminating parameters. Thus the go-no-go parameters do not lend them-
selves to compromise, or to quantitative and relative rating.

TABLE I.- MATERIAL RATING PARAMETERS FOR SUPERSONIC TRANSPORTS

. Strength

. As-welded strength

(a) Discriminating Parameters

The average of the short-time ultimate tensile strength and compression
yield strength at room temperature and 650° F divided by the material
density.

Ratio of the ultimate as-welded tensile strength to the ultimate design tensile
strength of the parent metal.

. Fatigue Fatigue strength (105 cycles of axial tension, R = 0, and a stress concen-
tration factor of K; = 2. 5) at room temperature divided by density.
. Stiffness The average Young's Modulus in tension between 70° F and 650° F divided by

. Thermal stress

the material density.

Average coefficient of thermal expansion between 70° F and 650° F times Young's
Modulus at 650° F divided by compression yield strength at 650° F.

. Toughness Minimum values of notched over unnotched tensile strength ratio in the tem-
perature range -110° F to 650° F. The choice of ASTM machined edge
notched specimen or 8-inch fatigue cracked specimen should be based on
the amount of test data available. Only one type of specimen (either
notched or cracked) should be used in the rating procedure. If the amount
of data for notched and cracked specimen is approximately the same, the
cracked specimen is recommended.

. Stability Ratio of the notch-strength after exposure to the notch-strength before
exposure.

. Cost The product of the cost {dollars per pound) of 10, 000 pounds of sheet material
{0. 050 inch X 36 inch X 96 inch) and 105 divided by the strength parameter
(refer to strength).

{b) Nondiscriminating Parameters

. Availability Relative supply of raw material and equipment for production by 1965.

. Producibility Producers' capability to offer raw material in form of sheet, foil, and plate.

. Formability Uniform elongation of 3% in 2-inch gage length.

(c) Go-No-Go Parameters

. Corrosion Resistance to general corrosion and stress corrosion for supersonic transport
environment and life.

. Weldability Can be fusion welded with freedom from voids and cracks.

. Brazability Capability as a brazed-sandwich panel to retain the properties of the basic

material.



After the value of each parameter for a given material is determined on
the basis of the special definitions, its overall rating is arrived at with the aid
of Rating Table shown in blank form in table II. Only the discriminating param-
eters are used in the quantitative part of the operations governed by the Rating
Table procedure; values of the other parameters must be satisfactory. In the
Rating Table, Weighting Factors are assigned to each discriminating parameter.
These Weighting Factors reflect the relative importance of the parameters, and,
in effect, make the trade-offs. Obviously, the assignment of the Weighting
Factors is one of the critical steps, and by far the most controversial and sub-
jective one, in the entire rating procedure.

To exercise the Rating Table, a material’'s Rating Number, ranging
from 1 (for the poorest) to 5 (for the best), is determined on the basis of the
parameter definitions. This Rating Number is multiplied by the Weighting
Factor; the product is the Relative Rating Number. The sum of the Relative
Rating Numbers is then divided by the sum of the Weighting Factors used; the
quotient is the final Material Rating Number and appears in the last column.
If the rating process is right in concept and execution, the material with the
highest Material Rating Number is the optimum material.

TABLE 1I. - RATING CHART FOR SST MATERIALS

MATERIAL | GO-NO-GO * RELATIVE RATING NUMBER MATERIAL RATING

SCREENING (ORATING NUMBER X *WEIGHTING FACTOR) NUMBER
sle]s N

ALLOY z|lZ|ElLla|2|35| 3T _ S REL RATING NO.

AND S|a|218|2|8|z| =828 = S SIGMA RATING

oNDITioN | S 1 SIS 23| 2| 2| 3 |22(2E0 =
o = < e S w | 2 = I1FWIER 5 FACTORS
Sl | 85|25 | 5| 21255 S

RENE 41

A286

INCONEL W

WASPALLOY

1605

D979

NI55

V36

INCO 718

INCO 901

*WEIGHTING FACTOR (RANGE =1 POOREST TO 5 BEST) * CODE = S = SATISFACTORY

© RANGE =1POOREST TO 5 BEST U = UNSATISFACTORY
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Several attempts to arrive at a relative rating of the candidate alloys
that would be acceptable to the Committee have been defeated, chiefly due to
lack of completely sufficient and reliable data from which to calculate param-
eter values. As more data become available from current investigations, this
hindrance will gradually be overcome.

RECOMMENDA TIONS FOR ADDITIONAL MATERIALS RESEARCH

Suggestions for additional research on SST materials are received by
the Committee from its members and from other sources. These suggestions
are studied by a special panel to judge merit, importance, overlap with current
work or with other suggestions, etc; arranged in order of priority; and put into
form suitable for Committee consideration and possible action. The recom-
mendations of the panel for additional SST materials research, as modified and
accepted by the Committee in November 1962, follow:

1. Realistic Proof Tests of SST Materials

Objective: The object of this project would be to establish the ability of
two or three skin-material alloys to withstand realistic environments for
the design life of SST. This study would serve as a proof test and check
on analytical results derived from earlier and more general tests.

Work Outline: The most promising alloys, selected on the basis of
current screening tests would be subjected to simulated SST service
conditions and tested at various time intervals.

Materials - Each of the alloy classes (steels, titanium alloys,
and superalloys) are suggested. Selection should be subjected to
careful review at the time of work initiation.

Specimens - Should include smooth tensile, center hole tensile,
joined samples (resistance and fusion welded, brazed, bolted,
and rivited, as appropriate) evaluated by strength and ductility
tests.

Simulated Environment - Specimens should be subjected to the
stress, temperature, and time cycles representative, to the
degree practicable, of SST. Gust, maneuver, landing, taxi,
take-off, and thermal stresses should be included in spectrum.
Times, equivalent to 30, 000 hours of SST operation, compressed
to the degree possible, should be used.
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Results: Results would be in terms of degradation with simulated SST
service.

2. Large Scale Fracture Toughness Tests

Expansion of the current research based on the Report of the Notch Test
Panel, dated 22 September 1961, submitted to the Committee at the
September 19-22 Meeting, is recommended. This work should be expanded
to include larger specimens (to about 24 in. wide), which can provide
designers with data that will be more representative and reliable than the
8-inch-wide specimens of the current work. Materials of heavier section
than the 0.050-inch gage in current work should be included. Tests should
permit determination of plain-strain fracture toughness (KIC>'

3. Screening of Materials for Fusion and Resistance Welding

It would be desirable to use fusion and resistance welding in fabricating many
sections of the SST structure to insure maximum joint efficiency or fuel tight-
ness. It has been found that weld metal in some high-strength alloys as

PH steel, when hardened to maximum strength, is inclined to be brittle.
Prolonged heating following welding may aggravate these effects. In per-
forming a general screening of potential SST structural alloys, evaluation of
welding characteristics must be included.

Objective: To evaluate the potential SST structural methods with respect
to ability to retain adequate fatigue resistance, fracture toughness, and
ductility in welded joints.

Development Program: It is not possible to evaluate fully the welding
characteristics of the proposed SST materials since knowledge about the
optimum welding technique for some of the alloys is inadequate. There-
fore, it will be necessary to bring the welding techniques for each alloy

to a comparable state of development for evaluation purposes. This will
be done for only those alloys showing reasonably good welding character-
istics. Fusion welding is preferable for the SST fabrication, but for
those alloys showing poor fusion weld characteristics, other methods
such as electron beam welding will be used.

Weld Testing: Welded test specimens should be tested at room tempera-

ture. Each type of specimen should have a minimum of three specimens
per test temperature. The following welded specimens should be used
for the screening program:

a. Tension specimens

b. Shear specimens
c. Bend specimens

18
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d. Fatigue specimens
e. Fracture toughness

The specimens should have a standard configuration. Material thickness
should be comparable to SST skin materials. The semistandard 8-inch-
wide center-notch specimen with transverse welds is recommended for
the fracture toughness phase.

Results: The proposed program would provide an evaluation of welding
characteristics of candidate structural materials for the SST.

4. Evaluation of Effects of Stressed Exposure at Temperature on
Fatigue Properties at Room and Elevated Temperature

Materials: Leading SST alloys at time of start of work.
Specimens: Center hole tension-tension fatigue specimens.

Test Conditions: After exposure to SST operating temperature, for 100,
500, and 1, 000 hours, with and without stress, fatigue tests should be
made at room temperature, 400° F, and 650° F. Random loading
representative of the stress spectrum of SST should be used.

Results: In terms of loss of fatigue strength, compared with original
material.

5. Simplified Environmental Proof Test of SST Materials

The incorporation of a corrosive environment in the more complicated tem-
perature, stress, cycle proof tests recommended in (1) above necessitates a
test rig so complex and difficult to manage that results might be suspect.
Consequently, a separate proof test with a simpler specimen and a less com-
plex spectrum is recommended.

Specimen: Simple tension specimens, and specimens joined by realistic
methods such as welding, brazing, and mechanical devices.

Test Time: To 30, 000 hours or failure.
Materials: Leading SST materials at start of work.
Test Conditions: Alternate immersion in, or exposure to, sea-water

solution coupled with representative temperature. Simple tension-
tension fatigue tests should be used.
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6. Screening of Materials for Honeycomb Sandwich Construction

Honeycomb sandwich construction will be advantageous in many areas of the
supersonic transport. However, the proposed SST materials differ in their
suitability for use in this type of construction. The main problems associ-
ated with using these materials in sandwich construction are their reaction
to brazing alloys, the compatibility of their heat treat requirements with
brazing temperatures, and their corrosion resistance characteristics.

Objective: The objective of this study would be to evaluate the suitability
of the proposed SST materials for use in honeycomb sandwich
construction.

Metallurgical Evaluation: Since bonding techniques have not been estab-
blished for most of the materials being considered for the SST, the first
step in the program would be a bonding development program. The
development program should determine the best brazing alloys and
brazing cycles to be used for a particular material. If the material
does not lend itself to brazing techniques, methods such as diffusion
bonding and resistance welding should be investigated. The bonding
techniques selected should be proven by a metallurgical analysis and
tests for strength, thermal stability, and corrosion resistance.

Honeycomb Sandwich: After the bonding and metallurgical development
phase has been completed, the resulting bonding techniques should be
used to fabricate honeycomb sandwich specimens. The honeycomb
specimens should be tested in the following manner:

Flatwise tension and compression-through thickness.
. Core shear with beam or plate specimen.

. Edgewise compression (short column).

. Thermal conductance-through the thickness.

(o PR o TN « i

A minimum of three specimens per test condition should be required.
The tests should be run at room temperature and 650° F. Materials of
gage 0.015 - 0.020 in steels and 0. 020 - 0.025 in titanium are suggested.
Core densities of 6 pounds per cubic foot and 3/4-inch-thick panels are
suggested. The proposed program would accomplish the following
objectives:

a. Provide a basis for the choice of SST materials.

b. Provide knowledge about some of the fabrication problems and
strength properties of honeycomb sandwich for the SST.
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. Evaluation of Materials for Thick Sections

Virtually no operating experience and very few laboratory data are available
to guide selection of materials for thick-section parts, such as landing-gear.
Many alloys have been suggested; consequently, it is recommended that a
preliminary screening program be conducted, followed by a more intense
study of long-time stability of a few alloys chosen on the basis of the
screening.

Screening Alloys Suggested: AISI 4340; Hy-Tuf; 300 M; HP9Ni-4Co;
PH 15-5 or PH 13-8 stainless steel; Ti-6Al-6V 2Sn or Ti-6Al1-4V; 18 Ni

Maraging Steel at 200 ksi and 250 ksi tensile strength; Inconel 718; and
AM-355.

Screening Tests:

l. Treatment to optimize toughness, as determined by precracked
charpy specimens, in 8-inch square billets, or smaller if
required to simulate realistic practice, should be ascertained.

2. K. determined by ASTM - recommended center notch speci-

mens, as a function of thickness, should be determined.

3. K should be determined, using both fatigue-cracked round

specimens and center-notch plate specimens.

4. Effects of exposure representative of SST operating conditions
should be investigated by use of precracked charpy specimens.

5. Strain-rate effects should be explored using a precracked
specimen and a strain ratio of 0.0l per sec or faster.

6. Effects of variable humidity at various temperatures on plain-
strain fracture should be explored.

Long Time Stability: Three alloys, selected from results of the above
screening tests, should be exposed for 3, 000, 10, 000, and 30, 000 hours
at 450° F and 650° F under stress of 67, 000 psi for steel and 40, 000 psi
for Ti. Following exposure K and Kj. should be determined at
480° F or 650° F, and at -100° F.
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CONCLUSION

It will be evident from examination of the factual matter of this TN that
research on SST sheet materials, although substantially advanced during the
past 18 months, has not yet reached a stage propitious for making final material
selections. Nor does the overall SST timing as envisioned by reference 3
require such final selection at this writing. Findings of the several investiga-
tions mentioned earlier in this report, which are expected to accumulate at an
accelerating rate during the first half of 1963, should permit sounder judgments
based on more complete and trustworthy data. The Committee's conclusions,
reached at the Committee's most recent meeting in November 1962, are there-
fore presented here as interim conclusions, based on incomplete results and
subject to modification in the light of more data from current efforts.

1. A Mach 3 supersonic transport is feasible as far as sheet material
for wings and-fuselage is concerned. However, it is not evident that either
titanium alloys, stainless steels, or a superalloy alone will be best; in all
likelihood optimum design will call for more than one type of material (i.e.,
titanium, stainless steel, or superalloy) and more than one alloy of each type.

2. On the basis of available data, the following alloys are considered to
be the most promising ones: steels - AM 350, AM 355, PH 14-8 Mo; titanium
alloys - Ti-8Al1-1Mo-1V, Ti-6Al1-4V; superalloys - René 41, Waspaloy, and
Inconel 718.

3. None of the above-listed alloys shows significant degradation in
strength or toughness after exposure to representative SST stress and tempera-
ture for 1, 000 hours.

4. Failures of some titanium alloys and stainless steels in laboratory
stress-corrosion tests at representative SST temperatures and in the presence
of solid salt, both with and without high humidity, indicate that further studies
are needed to determine the gravity of this phenomenon.

' 1B4
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PART II - RESULTS OF SUPERSONIC TRANSPORT
MATERIALS SCREENING PROGRAM

By J. W. Freeman, J. W. Schultz,
and H. R. Voorhees

University of Michigan
INTRODUCTION

Most of the data presented in this report came from a program designed
specifically to screen alloys which appeared to be candidate skin materials for
the construction of the wings and fuselage of a Mach 3 supersonic transport (SST).
Estimates are that SST metal skin temperatures will vary from -70° F during
subsonic flight to 550° F at Mach 3 cruise conditions. The estimated necessary
service life for this aircraft is 30, 000 to 50, 000 hours. The basic requirement
for candidate materials is a combination of the highest possible strength, ade-
quate resistance to catastrophic crack propagation, and adequate corrosion
resistance. It was considered most important that these properties be main-
tained during the prolonged exposure to maximum operating temperatures.

The testing program devised to screen materials to establish those with
promising basic properties has been described by Espey, Bubsey, and Brown. !
A test temperature range of -110° to 650° F was used to obtain data for unnotched
(smooth) specimens and for specimens with sharp edge notches. Short-time
tensile tests were used exclusively. To estimate the influence of prolonged
exposure at maximum operating temperatures, smooth and sharp notch speci-
mens were held for 1000 hours at 650° F under a stress of 40, 000 psi prior to
testing.

The temperature and corrosion requirements limited candidate materials
to titanium alloys, high-strength stainless steels, and superalloys. Still, many
existing alloys had to be considered in the screening program. The number of
materials to be screened was further multiplied by the need to optimize treat-
ments of alloys for SST service

For the superalloys, screening program test and exposure temperatures
were increased to as high as 1200° F, to establish maximum temperatures of
usefulness.

lGg. B. Espey, R. T. Bubsey, and W. F. Brown, Jr. ""A Preliminary Report on
the NASA Sheet Alloy Screening Program for Trisonic Transport Skins."
Paper presented at the ASTM Annual Meeting in the session on Fracture
Testing on June 24, 1962.
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Stress-corrosion of candidate skin materials is cause for considerable
concern. Consequently, attention has been given to the effects of dry salt
coatings at maximum operating temperatures, and extensive data on this aspect
are included in the report. Limited additional data for other conditions of
stress-corrosion are also included.

Most of the screening data were obtained by NASA through in-house
research at Lewis Research Center and sponsored research at Syracuse
University and The University of Michigan. NASA also sponsored a stress-
corrosion testing program at the Materials Research Laboratory. Other lab-
oratories contributed data on alloys originally included in the NASA screening
program, as well as on other promising alloys. For alloys not originally
included in the program, the Special Committee required that screening-type
data be provided before consideration would be given.

Certain '"follow-on'" programs were indicated as a result of the activities
of the Special Committee. One area of considerable concern is determination of
the possibility of alteration of strength and crack resistance as a result of pro-
longed exposure to stress at SST temperatures. No proven way of extrapolation
is available. To supply information applicable to this problem, the Applications
Laboratory, ASD, U.S. Air Force is sponsoring research programs involving
exposure for time periods up to 30, 000 hours at Joliet Testing Laboratories,
Inc. and at The University of Michigan. Preliminary data from these programs
are included. NASA is also conducting research on the effects of prolonged
exposure at the Langley Research Center. A very large program is in progress
at the Douglas Aircraft Company involving follow-on tests and additional stress-
corrosion testing under the sponsorship of the FAA through ASD. Only very
limited data from this program were available for this report.

The companies represented on the Special Committee have various pro-
grams of their own in progress. Applicable data supplied by these organizations
are included.

In addition to establishing factual test data, most of the research pro-
grams have included investigations intended to provide information of a more
general and basic nature. Available data of this type have been included in this
report.

Little or no data existed in the literature defining properties for SST
applications. Only data pertinent to this type of application have been included
in this report. No effort has been made to extract "handbook'% type data from
the literature for the alloys considered.

2The Air Weapons Materials Application Handbook, Metals and Alloys, ARDC
TR 59-66.
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The individual research programs on which this part of the report is
based are described along with a summary of the major results of the research.
Original test data are presented in a separate section for each alloy.

ORGANIZATIONS CONTRIBUTING DATA

NASA In-House Research
Langley Research Center
Lewis Research Center
NASA Sponsored Research
Materials Research Laboratory, Inc.
Syracuse University
The University of Michigan

Applications Laboratory, Aeronautical Systems Division, U.S. Air Force
Sponsored Research

Joliet Testing Laboratory, Inc.

The University of Michigan

Allegheny Ludlum Steel Corporation

Armco Steel Corporation

Boeing Airplane Company (Transport Division)

Crucible Steel Company of America

Douglas Aircraft Company, Inc. (Aircraft Division)

The International Nickel Company, Inc. (Huntington Alloy Products Division)
Lockheed Aircraft Corporation (California Company)

North American Aviation, Inc. (Los Angeles Division)

Northrup Corporation (Norair Division)
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RESEARCH PROGRAMS

Basic Screening Program

Longitudinal and transverse smooth and sharp edge-notch specimens
were used in the basic screening program. The specimens were similar
to those recommended by the ASTM Special Committee on Fracture
Testing of High Strength Materials®s* and are illustrated on the following
page. Minor variations in specimen dimensions occurred between
laboratories, but reduced section length to width ratios and notch geome-
tries were always about the same for smooth and notch specimens respec-
tively.

The evaluation of alloys in the screening program was carried out
as follows:

(1) Determination of the ultimate tensile strength, 0.2 percent
offset yield strength, and elongation from -110° to 650°F,

(2) Determination of the notch strength to obtain a measure of
fracture toughness,

(3) Expose both smooth and notched specimens at 650°F for
1000 hours using net section stresses of 40,000 psi on the steels and
superalloys and 25, 000 psi on the titanium alloys, and subsequently conduct
tensile tests at -110° to 650°F.

Both longitudinal (parallel to rolling direction and transverse
(perpendicular to rolling direction) specimens were tested because past
experience with high-strength sheet materials had demonstrated that
extreme directionality in properties can occur, especially when cold
rolling is used to increase strength.

3 "Fracture Testing of High Strength Sheet Materials: A report of a Special
ASTM Committee', ASTM Bulletin No, 243, p. 29-40, Jan. 1960 and
No. 244, p. 18-28, Feb. 1960.

* "Fracture Testing of High Strength Sheet Materials', Third Report of a
Special ASTM Committee, ASTM Materials Research and Standards,
Vol. 1, No. 11, p. 877-885, Nov. 1961,
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A sheet thickness of 0. 025 inch was established as an arbitrary
compromise,

A minimum temperature of -110°F was selected as convenient for
testing purposes and, furthermore, insured that any evidence of a ductile
to brittle transition temperature close to the minimum operating temper-
ature would be uncovered. The exposure temperature of 650°F was
selected rather than the average skin temperature of 550°F with the object
of accelerating structural changes and corrosion which might occur during
prolonged service at 550°F. One thousand hours was purely arbitrary as
the longest practical time for screening purposes. The exposure stresses
were roughly approximate to those resulting from a one g load on the
airplane. Sharply notched specimens were exposed to simulate the effect
of the presence of a crack during service.

It was recognized that the screening program represented many
simplifications from the conditions actually encountered in a SST. Its sole
purpose, however, was to sort out the more promising materials. The
more sophisticated testing to simulate an actual SST is to be conducted as
part of a follow-on program for the more promising materials.

Deviations from Basic Screening Program

There were, in individual cases, deviations from the basic test
program. For superalloys, testing and exposure tenmiperatures were
extended to 800°, 1000°, and 1200°F with the objective of defining the
maximum temperature of usefulness. This ihformation was needed for
certain parts of the SST which would operate at higher temperatures than
the skin, and to provide data for estimating the ability of materials to
withstand the higher temperatures associated with a possible growth
potential in aircraft speed. Other deviations from the screening program
are noted with the individual data.

Deliberate variations in metallurgical variables were included for
certain alloys. In most cases, this involved variations in the degree of
cold reduction to enhance strength, For the superalloys, it was necessary
to establish suitable aging treatments after cold work.
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DATA PRESENTATION

Data are presented for the following alloys:

Titanium Alloys

Ti-6A1-4V
Ti-8Al-1Mo-1V
Ti-4Al-3Mo-1V
Ti-5A1-2,75Cr-1.25Fe

High Strength Stainless Steels

AFC 77
AISI Type 301 Stainless Steel (Cold Worked)
AM 350
AM 355
AM 367
PH 15-7 Mo
PH 14-8 Mo
Superalloys
A-286 Inconel W Rene' 41
D-979 Inconel X Waspaloy
L-605 Inconel 718 V-36
N-155 R27

The data for each alloy are presented individually. An introductory
page for each alloy identifies the sources of the data, alloy producer, heat
number, and composition for each data sheet. The major properties are
then displayed graphically, a separate page being used for each alloy
condition. Data sheets tabulating all individual test results follow. A
numbering system is used on the graphs to identify each plotted point with
a specific data sheet. Specialized data, e. g. tear test results, notch
acuity effects, etc., have separate data sheets and are displayed graph-
ically where practical.

In certain cases, the same lot of material was used by more than
one laboratory supplying data. All the test results on the same lot of
material, although obtained from several sources, were included on the
same data sheet to clearly relate them to that particular lot..
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There were obviously a number of ways the data could be displayed
graphically. For screening type data, longitudinal and transverse pro-
perties are shown separately; and the properties after exposure, including
exposure to solid salt, are plotted with the original properties. This
provides a direct comparison of exposure effects, but makes the com-
parison of longitudinal and transverse properties somewhat difficult.
However, all attempts to combine the two led to graphs which were too

confusing to use.
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INDIVIDUAL LABORATORY PROGRAMS

The objectives, pertinent procedures, and major results of individual
research programs are presented below.

First discussed are the three sub-programs of the basic screening pro-
gram, conducted cooperatively by the NASA Lewis Research Center, The
University of Michigan, and Syracuse University.

Then follows an outline of two pertinent stress-corrosion studies, one
directly sponsored by NASA, and the other conducted by an aircraft manufac-
turer on sheet alloys of interest.

A third grouping covers a pair of research studies, initiated under Air
Force direction to determine response of SST materials to creep exposures of
30, 000 hours duration.

Lastly are outlined a variety of programs carried out by alloy producers,
aircraft manufacturers, and NASA Langley Research Center to supply informa-
tion of the type requested by the NASA Special Committee on Materials Research
for Supersonic Transports.

.
o)
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NASA Lewis Research Center Program

Principal Investigators: W.F. Brown, Jr., G.B. Espey, and R.T.
Bubsey

This program was part of the over-all basic screening program
carried out cooperatively with NASA sponsored programs at Syracuse
University and The University of Michigan.

Objectives

The objectives of this program were to establish the influence of
the degree of cold work and heat treatment on the mechanical properties
and notch toughness of selected materials from -110° to 650°F and to
determine the stability of these materials using exposures at 650°F.

The alloys investigated were:

Type Alloy Alloy Condition
Precipitation hardening AM350 Cold Rolled 20, 30 and 45 percent
stainless steel and tempered
Precipitation hardening AM355 Cold Rolled 20, 30 and 45 percent
stainless steel and tempered
Titanium Alloy 8Al-1Mo-1V Annealed 1450°F
Superalloy V-36 Cold Rolled 20, 30 and 50 percent
Superalloy Inconel W Cold Rolled 50 and 65 percent

The AM350 and AM355 materials were from consumable electrode vacuum
melted (CEVM) heats.
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Procedure

The materials were exposed and tested in both the longitudinal and
transverse directions under the test conditions dictated by the basic
screening program. The smooth and sharp edge-notch specimens used
were those described in the Research Program section,

Tensile tests were conducted using a differential transformer type
strain gage connected to an autographic recorder for smooth specimens.
The loading rate at -110°F and room temperature was 4300 psi per second
for smooth specimens and 2300 psi net section stress per second for
notched specimens. At 650°F, the loading rate was 2800 psi per second
for smooth specimens and 1500 psi net section stress per second for
notched specimens. A bath of dry ice and ethyl alcohol was used to obtain
the -110°F test temperature. Conventional resistance furnaces were used
at elevated temperatures.

Exposures at 650°F were carried out in creep-testing machines.
Four specimens were connected in series and heated by two 12-inch
resistance furnaces stacked one on top of the other. An aluminum tube
around the specimens promoted temperature uniformity. Temperatures
varied less than £5°F, One Chromel-Alumel thermocouple was tied to
each end of smooth specimens or attached to notch specimens by spot
welding approximately 0.25 inch from the notch plane. No creep readings
were taken during exposure.

Principal Results

The strengths of all materials decreased with increasing temperature
of testing. The notched strength of AM350, Inconel W and V-36 alloys also
decreased so that N/S values at 650°F were either no higher or were lower
than the values at -110°F and room temperature., The 8Al-1Mo-1V
titanium alloy, on the other hand, increased markedly in notched strength
with increasing temperature, so that the N/S values increased from -110°
to 650°F. The data for AM355 were incomplete.

Increasing amounts of cold reduction generally raised the strength of
smooth specimens, reduced ductility and reduced notched strength. N/S
ratios, consequently, decreased with increasing reduction. For V-36
alloy, a cold reduction of 50 percent resulted ir such low N/S values
(0.3 to 0.4) that there was no further interest in the material even though
smooth strengths were very high.



For AM350, tempering at 950°F resulted in somewhat lower
strengths, higher ductility and higher N/S ratios than tempering at 700°
or 825°F. Aging Inconel W after cold reduction slightly raised smooth
strengths.

AM350 was subject to transformation to martensite as a result of
straining. Increasing amounts of cold reduction increased the degree of
transformation before testing and reduced the amount during testing.
Consequently, the ratio of yield to tensile strength increased with the
amount of cold reduction.

The investigators analyzed their data to show that the use of ratios
of notched strength to yield strength rather than to tensile strength avoids
difficulties in interpreting data’!. For instance, it avoids the indication
of increasing toughness with increasing amounts of cold work indicated
by notched to tensile strength values for AM350 transforming to martensite
while, in fact, toughness must decrease with amount of reduction.

In general, exposure under stress for 1000 hours prior to testing
had only a minor effect, if any, on properties. Differences between
longitudinal and transverse specimens, either before or after exposure,
varied with test temperature and prior history. The effects on properties
were such that the data had to be considered in detail to define the effects
of prior exposure and orientation.

The University of Michigan (NASA) Program

Principal Investigators: J.P. Rowe, Jay W. Schultz, and J. W. Freeman

This program was part of the over-all basic screening program
carried out cooperatively with the Lewis Research Center of NASA and
Syracuse University under sponsorship of NASA.

Objectives

This program was designed to investigate by screening type tests
the possibilities of using superalloys in SST construction. Also, the
upper temperature limit of usefulness of superalloys for SST applications
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was to be established to indicate possible use at points of higher temper-
ature than skin temperatures. This information would also serve as a
background for possible growth potential to speeds greater than Mach 3.

The alloys investigated were:

Alloys Conditions
A286 - Cold worked 30, 50, 65 and 80 percent and aged
Rene' 41 - Annealed, cold worked 20 and 35 percent and aged
Waspaloy - Annealed, cold worked 20 and 40 percent and aged
Cold worked 30, 50 and 65 percent after annealing
D979 - at 1850°F and cold worked 80 percent after
annealing at 1950°F and aged
N155 - Cold worked 40, 55 and 65 percent
L605 - Cold worked 25 and 45 percent
AM350-CRT - Air melted

The materials were selected to indicate the effects of alloy types as
well as to cover specific promising alloys.

(1) Rene' 41 and Waspaloy are high strength TitAl precipitation
hardened alloys which differ in metallurgical characteristics imparted by
high and low molybdenum contents.

(2) D979 is a very high strength TitAl precipitation hardened
alloy containing tungsten.

(3) A286 is a relatively low-alloyed TitAl precipitation
hardened alloy.

(4) N155 and L605 were included as representative of super-
alloys not subject to precipitation hardening but capable of being cold
worked to high strengths.

(5) AM350-CRT was mainly included to provide data for com-
parison purposes with other laboratories.

Procedure

For the precipitation hardening alloys, it was necessary to conduct
brief aging experiments to select promising aging conditions after cold work.

o
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Room temperature tests were used to estimate the aging treatment giving
the optimum strength and notch-strength ratio.

The non-precipitation hardening alloys were tested in the cold
worked condition. Pilot tests were used to eliminate conditions of cold
work for which screening tests would not provide useful data.

All notch tests employed the ASTM type sharp edge-notch specimen
mentioned previously. The notch roots were finished on a shaper by
manually drawing a carbide tool through them. The root radii (measured
with a 50X optical comparator) varied from 0. 0005 to 0.0007 inch.

The materials were exposed and tested in both the longitudinal and
transverse directions under the conditions dictated by the basic screening
program. For exposures, short cuts reduced an excessively large testing
program; only when the properties of a material appear promising were
tests conducted over the entire temperature range of -110° to 650°F,

Alloys and specific treatments of alloys which showed promising
properties in the initial screening program were further tested at 800°,
1000°, and 1200°F. Exposures were also carried out at these tempera-
tures for 1000 hours under 40, 000 psi, and tensile tests subsequently
conducted at room temperature and at the exposure temperature. As data
were accumulated and the pattern of properties established, exposures
were jumped from 650° to 1000°F.

Tensile tests at -110°F were conducted in a mixture of dry ice and
acetone, and at elevated temperature in an electric resistance furnace.
Temperatures varied less than £#3°F from the nominal test temperature
along the gage length and during the tests. The time for heating and
adjusting the temperature distribution was about one hour. Temperatures
were measured by Chromel-Alumel thermocouples wired to the center and
to each end of the gage length of specimens. Notched specimens had one
thermocouple wired to the center. Smooth samples were loaded at about
0.01 inch per inch per minute to about 2-percent strain and then the strain
rate was increased to 0.05 inch per inch per minute. Notched samples
were loaded at a rate of 1000 psi net section stress per second.

Strain measurements were made for all tensile tests of smooth
specimens. For most of the room temperature tests, a microformer
type extensometer was used. For other tests, a modified Martens type
extensometer was clamped to the gage section. The sensitivity of the
extensometers was 0, 000005 inch per inch. ’

G
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Exposures were carried out in simple beam loaded creep units.
About four hours were used for heating and temperature adjustment.
Creep measurements were made on all smooth specimens. The exten-
someter was the same as that used in the tensile tests.

After exposure, tensile tests were conducted without further
machining or surface treatment with the exception of a few tests where
sharp notches were machined after exposure,

The load was applied through a special pin connection attached to

a universal joint.

Principal Results

The screening program yielded the following results:

(1) Generally, the data showed a decrease in strength and
notch-tensile strength ratio as the temperature was increased from -110°F.
The main exception was Rene' 41 for which the notch-tensile strength
ratios remained fairly constant.

(2) Exposure generally did not change subsequent tensile pro-
P g Y g q
perties.

(3) Cold working resulted in marked increases in strength.
A further increase for superalloys containing Tit+Al could be obtained by
proper aging after cold working.

(4) Longitudinal and transverse specimens showed little
difference except for severely cold worked materials,

(5) Elongations either did not change or else decreased with
increasing test temperature.

(6) Cold work reduced notch-tensile strength ratios and
elongations.

(7) Creep has not been significant in the exposure testing. A
slight decrease in length was observed in most alloys at 650°F. This
diminished with increasing testing temperature.

(8) The few tests with notches machined after exposure have
not given much different results than those for specimens exposed with
the notches present.
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Although notch-tensile strength ratios were generally unaffected by
exposure, certain other results cause concern:

a) Two transverse notched specimens of Rene' 41 cold
reduced 35 percent and aged two hours at 1500°F fractured during expo-
sure at 1000°F under 40,000 psi at 743.3 and 941.9 hours.

b) During tensile tests at 800° and 1000°F, longitudinal smooth
specimens of D979 cold reduced 50 percent and aged 16 hours at 1100°F
fractured below the yield strength in a brittle manner at pin holes, fillets,
and in the gage section under collars. This also occurred during tensile
tests at 1000°F after exposure at that temperature.

The D979 cold reduced 65 and 80 percent failed in a brittle manner
in room temperature tensile tests after aging treatments. These condi-
tions were subsequently eliminated from the screening program.

c) Notched specimens of L605 cold reduced 25 percent failed
during exposure at 1000°F in short time periods.

d) A notched specimen of A286 cold reduced 30 percent and
aged 16 hours at 1300°F fractured at 214 hours during exposure, but a
repeat specimen did not fracture in 1000 hours. A286 cold reduced 80
percent and aged at 1100°F for 16 hours fractured prematurely during
tensile tests at 650° and 800°F. Exposure at 650°F embrittled this
material in subsequent tensile tests at 650° and 800°F.

Syracuse University Research Institute Program

Principal Investigators: V. Weiss, R. Sell, and C. Chave

The program was part of the over-all basic screening program
carried out cooperatively with the Lewis Research Center of NASA and
The University of Michigan under sponsorship of NASA,
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Objectives

In addition to basic screening tests, specimens of some alloys
were tested with fatigue cracked edge notches to study the effect of notch
sharpness. Some data were obtained for exposure without stress. A
limited amount of data was obtained for changes in the radii of notch roots
during exposure. The effect of the stress concentration factor of the notch
is also being studied for root radii from <0.001 to 0. 187 inch (Kt values

from >17.31 to 1. 83),

The following alloys were investigated:

Alloy Conditions
AISI Type 301 Stainless Steel Cold reduced 34, 51 and 60 percent
PH15-7Mo Stainless Steel RH1050 and CH900
Ti-6A1-4V Titanium Annealed and solution treated plus aged
Ti-4Al-3Mo-1V Titanium Annealed
Ti-5A1-2.75Cr-1.25Fe Titanium Annealed and solution treated plus aged
Ti-8Al-1Mo-1V Titanium Duplex annealed

Procedure

The ASTM type specimen with machined sharp edge notches was used
for screening tests. A 10-percent starter notch was used for the fatigue-
cracked edge notches.

Dry ice and acetone were used to obtain -110°F. Other tests were
conducted in air, with resistance furnaces for elevated temperature tests.
Exposures were carried out in creep-rupture units, using two or three
specimens in tandem in furnaces modified to obtain uniform temperature
distribution.

Principal Results

Ti-6Al1-4V alloy appeared to be the most promising of those studied.
Ti-5A1-2.75Cr-1.25Fe annealed and Ti-4Al-3Mo-1V annealed also ap-
peared promising.

On the basis of notch-tensile strength ratios being less than 0. 4,
AISI Type 301 stainless steel cold reduced 51 percent, PH15-7TMo CH900 <
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and Ti-5A1-2.75Cr-1.25Fe solution treated and aged seem unacceptable
for SST construction.

Measured notch root radii changes from exposure were:

Root Radii
Stress at 650°F Before After
Material for 1000 hours Exposure Exposure Change
Ti-6Al-4V solution 25,000 0.0005 0.0005 0.0000
treated and aged 25,000 0.0005 0. 0007 0. 0002
PH15-7Mo RH1050 40, 000 0.0010 0.00125 0.00025
40, 000 0.0011 0.00125 0.00015

The effects of unstressed exposure versus exposure under stress
varied with the alloy and its treatments. Effects generally were not large,
with no difference for the Type 301 stainless steels.

The notched strengths for fatigue cracks versus machined notches
also varied with the alloy. There was no difference for the Type 301
stainless steels. The cracked specimens were slightly stronger for
PH15-7Mo RH1050. For most of the titanium alloys, the fatigue cracked
specimens were weaker.

The notch-tensile strength ratio for annealed Ti-6Al-4V at room
temperature was slightly higher than 1 out to a K; of 9 to 10 and then fell
slightly below 1. The ratio fell below 1 at a Kt of 7 down to about 0.7 at
a K¢ of 17 for the solution-treated and aged condition. Little difference
existed between longitudinal and transverse specimens. For PH15-7Mo
CH900, the longitudinal specimens developed a notch-tensile strength ratio
of less than 1 at a K; of about 5 and fell to a ratio of 0.8 at the sharpest
notch. The transverse specimens all had notch-tensile strength ratios of
less than 1 and the ratios decreased sharply to 0.6 at a Kt of about 3 and
about 0. 45 for the sharpest notch. On the other hand, Kt had little effect
on PH15-7Mo RH1100, being close to 1 out to the sharp notch with the
transverse specimens being only slightly lower than the longitudinal.
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Program of Materials Research Laboratory, Inc.

Principal Investigators: R. L. Kirchner and E. J. Ripling

This program was carried out as part of the over-all NASA program
in cooperation with the NASA Lewis Research Center program.

Objectives

The initial objective of this program was to develop stress-corrosion
data to compare exposure in the presence of natural sea salt with exposure
in air. The procedure was generally the same as the basic screening
program with the addition of sea salt prior to exposure,.

The alloys used in the investigation were from the same lots as those
used in the Lewis Research Center and Syracuse University screening
programs, They were as follows:

Type of Alloy Alloy Condition
superalloy V-36 cold worked 30 percent
superalloy Inconel W cold worked 65 percent
stainless steel AM350 cold worked 20 and 45 percent and
tempered 3 hrs. at 825° and 950°F
titanium Ti-6Al1-4V annealed
titanium Ti-8Al-1Mo-1V annealed

The titanium alloys were found to be severely embrittled by salt ex-
posure in laboratory tests; but service experience has indicated that these
alloys perform satisfactorily in applications where salt collects on the
metal as long as the surface is subjected to a fast air stream. Hence, the
program was expanded to determine if tests in a stagnant laboratory atmos-
phere are representative of the environment probable for skin materials of
an SST. The mechanism of stress-corrosion cracking is being investigated
through the electrochemical characteristics of the titanium-salt reaction in
order to evaluate the "working action'' of a fast moving air stream.
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Procedure

Initially, all salt exposures were made using only sharp-notched
specimens of the ASTM recommended design with sea salt applied to an
area covering about 72 -inch of length centered around the notch. Creep
machines were used for these exposures with temperature variations
being kept to #2°F. Lewis Research Center data for unexposed and air-
exposed specimens were used for comparison purposes.

After initial tests on the titanium alloys indicated severe embrittle-
ment from salt exposure, a more extensive exposure program was
instigated for these materials at 650°F. Bend test racks, as pictured
below, were used to expose specimen blanks with and without salt coatings.
These exposures were for 100 hours with the racks placed in stainless steel
boxes to provide a stagnant atmosphere.

SALT COATED SPECIMENS MOUNTED ON TEST RACK

Surface stresses during exposure from 0 to 40, 000 psi were calculated
using calibrations at room temperature and modulii at 650°F. Tensile
specimens were machined after exposure, removing stress variations at
the edges of bend sheets.

The conductivity measurements were made in a porcelain tube to
investigate the electrochemical characteristics of the titanium-salt
reaction. Two discs of alloy were separated by about 0.1 inch of salt.
At low temperatures, the conductivity was calculated by measuring current
in a pa induced by a bias of 36 volts. At higher temperatures, an ohmmeter
was used. The time of each determination was carefully controlled so that
it took 50 minutes to bring the conductivity cells f{rom room temperature to



1300°F. Both V-36 and Ti-6Al-4V electrodes were used. The conduc-
tivities measured with the titanium electrodes were lower than those
measured with V-36 electrodes using sea salt and ASTM salt. This was
probably due to TiO, forming on the electrode surfaces.

Principal Results

Using sharp notched specimens, V-36, Inconel W, and all conditions
of AM350 showed no property losses as a result of exposure in the presence
of dry sea salt coatings. Increasing the stress to 60, 000 psi on Inconel W
and AM350 cold reduced 20 percent and aged at 825° or 950°F induced no
effect from the salt. Neither did increasing the exposure temperature to
850°F cause attack of the Inconel W by the salt.

All the Ti-6Al-4V sharp-notched specimens fractured in less than
400 hours under salt exposure at 650°F and 25,000 psi, Under the same
exposure conditions, the three longitudinal Ti-8Al-1Mo-1V specimens
fractured in less than 300 hours; while the two transverse specimens lasted
1000 hours. Failures in the notched specimens occurred away from the
notch at the edge of the salt coating. Notched samples of Ti-8Al-1Mo-1V
survived an exposure of 1000 hours at 450° and 500°F with very little alter-
ation of properties due to salt.

Bend-test samples with salt on the tension side were exposed for 100
hours in a stagnant atmosphere at 650°F under stresses ranging from 0 to
40,000 psi. Longitudinal samples of Ti-6Al-4V were only moderately
damaged, but transverse specimens were extensively damaged. Ti-8Al-
1Mo-1V was damaged in both directions. The damage was much greater
the higher the stress. Salt on the compression side of the specimens had
no effect.

The failures at the salt edge away from the notch suggested galvanic
corrosion. The lack of attack on unsalted specimens and on the specimens
with salt on the compression side exposed in bend test racks cast doubt on
the theory that chlorine release caused corrosion. In view of this, con-
ductivity measurements were made on sea salt, ASTM salt (7 parts NaCl +
1 part MgCl,), and NaCl, The sea salt was considerably more conductive
at about 600°F than either ofthe other two, with NaCl being least conductive.
Comparable conductives were achieved at the following temperatures:

Sea salt at 650°F
ASTM salt at 725°F
NaCl at 900°F
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If the corrosion was electrochemical, it should be possible to move
the location of attack from the edge of the salt deposit in notched speci-
mens by developing a more uniform current flow through the entire salt
coating. Superimposing 20pa of current per square inch through the salt
on Ti-6Al1-4V transverse samples caused fracture in the plane of the notch
after very short exposures at 650°F under 25, 000 psi.

Sample anode - fractured in 20 hours
Sample cathode - fractured in 4.9 hours

Fracture did not initiate in the notch bottom but did initiate in the plane of
the notches., The higher conductivity of the sea salt could account for the

apparently greater attack than for the other salts.

Fractures were intergranular in the titanium alloys.

Program of North American Aviation, Inc.

Principal Investigator: G.A, Fairbairn, Group Leader, Metallic Materials
Laboratory

Objectives

This is a program to evaluate the long term stress-corrosion resis-
tance of six alloys at 650°F. Exposures are to be continued for 30, 000
hours on five surface- and environmental conditions for the following alloys:

Type of Alloy Alloy
Titanium Ti-6Al-4V
Ti-8Al-1Mo-1V
Stainless Steels AM350
PH15-7Mo
Superalloys Rene' 41

Inconel 718
The surface and environmental conditions are:

(1) Bare specimens as-heat treated
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(2) Salt-Coated Specimens - Specimens dipped in a hot con-
centrated solution of 6 parts NaCl + 1 part MgCl, and dried.

(3) Brazed surface. The specimens were completely
machined including notching and then placed in a retort with the braze
alloy sheet. Brazing and heat treatment were carried out in the retort,

(4) Brazed surface coated with salt. After brazing, the
specimens were coated as described under (2).

(5) Cyclic Tests. Salt-coated specimens prepared as in (2)
are removed from the furnace every two weeks and placed in a humidity
cabinet at 100°F for two weeks,

The titanium specimens were not heat treated after brazing, while
the stainless steels and superalloys were re-heat treated. No attempt
was made to clean out the salt or braze alloy which tended to accumulate
in the notches. The edges of all braze-coated specimens were ground
until clean base metal was dtained,

Procedure

Cantilever specimens 11.5 inches by 1.5 inches both unnotched and
notched are being used. Notches were machined across the 1, 5-inch
direction at the point of maximum stress and near the weight suspension
point at 4@ low stress. A root radius of 0.005 inch in 0.010-inch deep 60°V

notches is being used.

The loaded specimens in frames are placed in an air circulation
furance having a temperature variation of 630°F near the door to 650°F
in the center and rear portions. Due to air circulation, specimens con-
tinually vibrate with an amplitude of about 0.1 inch.

The maximum stress levels used varied within the following ranges:

Ti-6Al1-4V Ti-8Al-1Mo-1V PH15-7Mo
Unnotched, ksi 23.0-36.8 22.5-31.4 53.7-61.3
Notched, ksi 44.6-58.0 56.2-66.1 140,6-168. 4
AM350 Rene' 41 Inconel 718
Unnotched, ksi 50.0-59,1 48.8-57.4 34,.0-40.8
Notched, ksi 129.3-160.3 126.8-147.2 92.4-105,5
41
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Results to Date

The test data available at the 4700 hours of exposure when this report
was written are included in the sections for the individual alloys. The most
significant data are:

(1) Fractures have occurred as follows:

(a) Ti-8Al-1Mo-1V alloy specimens, salt coated and
unnotched, fractured during continuous exposure
at 2720 and 3980 hours. The surface appearance
indicated extensive corrosion. A third specimen
had not failed at 4700 hours.

(b) AM350M alloy specimens salt coated and unnotched,
(cyclically exposed in the furnace for two weeks and
in a humidity cabinet at 100°F for two weeks),
fractured at 2880, 3290, 3290 and 3360 hours. The
surfaces were heavily rusted and cracks other than
those causing failure were present in two of the
specimens.

(2) Appearance of other specimens is as follows:
PP p

(a) The bare titanium and stainless steel alloys show
slight bluing.

(b) Salt coated stainless steels are colored from gold
to brown. About 20 percent of the surface of
unnotched specimens and 50 percent of the surface
of notched specimens are coated with rust spots.
The other specimens have darkened surfaces and a
few rust-like spots. The salt coating appears spotty.

(c) The braze-coated specimens show slight darkening
with no evidence of corrosion.

(d) The braze- and salt-coated titanium alloy specimens
are dark brown. Titanium alloy specimens in the
bottom layer of the frame and all stainless steels
have about 50 percent of their surface covered with
rust-like spots.
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(e) The cyclically exposed ferrous and superalloys have
a round surface and exhibit considerable rusting.
Titanium alloy specimens are smooth with a blue-
gray discoloration.

The University of Michigan (ASD) Program
(Contract AF33(616)-8334)

Principal Investigators: H.R. Voorhees and J. W. Freeman

Objectives

To determine the effects on mechanical properties of AM350 sheet
from long-term exposure at the upper temperature expected in SST service.
The program includes tests which seek to provide partial information at the
earliest possible date, and to enable evaluation of possible extrapolation
methods to predict creep in 30, 000 hours from results of shorter tests.

Experimental Program

Test materials came from the same consumable-electrode vacuum-
melted stock as that tested by the Lewis Research Center in its part of the
basic screening program. All specimens were sampled in the rolling
direction of the 0.025-inch thick sheet. After the required stresses were
found to be too high, initial plans were dropped to establish the stress that
would produce 0.5 percent creep strain in 30, 000 hours at 550°F, and other
types of tests were substituted.

Three types of specimens are now being exposed under 67, 000 psi
stress at 550°F:

(1) Unnotched specimens with 0.350-inch wide gage section
2 inches long;

(2) Notched specimens with Kt = 3;

(3) Unnotched specimens with 1-inch gage width, to receive
sharp edge notches after the exposure.
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Exposure times of 2000, 5000, 12,000, and 30,000 hours were
selected to define the time effect of exposures, if any, as well as to
provide some interim data prior to completion of the longest exposures
in 1965. After the exposures, tensile tests at 550°F will supplement
those originally called for at room temperature, because data from the
screening program indicate exposure effects may be most severe at the
higher temperature.

Notched specimens with K¢ = 3 are intended to simulate a severe
design condition, while the sharp notches approximate cracks which might
develop during service, A few exposures without stress were included by
suspending an unloaded specimen in the exposure furnace alongside a
stressed specimen,

A limited study of accelerated exposure used the 67, 000 psi stress,
but with times of 2000 hours at 600°, 200 hours at 650°, and 20 or 200
hours at 700°F.

Creep measurements are being made during exposure only for one
unnotched section of specimens being exposed in tandem. With creep
expected to be very small, the number of measurements should still
suffice to demonstrate whether creep deformation would become a serious
factor during service.

Results to Date

(1) The Kt = 3 notches raised net-section strengths of the
unexposed material at room temperature and 550°F.

(2) The only change from sharp notches was a reduction of
strength at 550°F for the SCT condition.

(3) Exposure at 550°F under stresses below, at, and above
the yield strength had no effect on tensile properties at room temperature.

(4) The exposures at 600°, 650°, and 700°F did not change
properties except possibly in one case. The ultimate strength of one CRT
specimen exposed at 700°F for 200 hours and then tensile tested at 550°F
was apparently higher than for unexposed material, This "accelerated"
test foretold no expected change from 30, 000 hours of exposure at 550°F.
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Program of Joliet Testing Laboratory, Inc.
(Contract No. AF33(616)-8348)

Principal Investigators: W.F, Carew and C.F. Kinkel

Objectives

To examine effects of 30, 000-hour exposures to stress and temper-
ature on mechanical properties of AM350 SCT stainless steel, and annealed
Ti-8Al-1Mo-1V sheet. An original intent to evaluate extrapolation procedures
to predict long-time creep strains from shorter-time tests, was abandoned
because initial tests suggested that stresses in the yield range would be
needed to obtain 0.5 percent creep strain in 30, 000 hours.

Procedure

Four unnotched specimens (with a 2-inch gage length 0.505-inch wide)
and one notched specimen (Kt = 3) of each material are being exposed for
30, 000 hours under 67,000 psi stress; the AM350 at 650°F, and the
titanium alloy at 550°F. The notch used represents a severe design condition,
rather than a crack such as was simulated by the notches of the screening
program,

Most of the exposed specimens are to be tested at room temperature,
and their short-time mechanical properties compared with those of the
virgin material. Other specimens will be examined for metallurgical
changes.

Creep is expected to be negligible at the 67, 000 psi stress, but creep
measurements are being taken for all unnotched specimens, using conven-
tional platinum-strip extensometers viewed through windows in the furnace

walls,

Principal Results

To date, the only results are for the original material, or for dis-
continued preliminary creep tests started at stresses in the yield range.
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Related Programs from Which Data Have Been Included

Allegheny Ludlum Steel Corporation

Screening-type tests at -100°F and room temperature were run on
AM367 sheet with a variety of annealing temperatures and subsequent
maraging conditions. A few tests involved 500-hour exposures at 650°F
under 40, 000 psi. Most tests were for 0.025-inch sheet thickness, with
some data for 0,050 or 0.062 inch. One lot of AM367 was evaluated after
welding, with and without further heat treatments.

Complete screening tests in duplicate were reported for R-27 sheet
(2050°F, WQ + 1400°F, 16 hrs. + 1200°F, 24 hrs.) tested at--320°, room
temperature, 650°, and 800°F. These involved 1000-hour exposures at
650°F and 40, 000 psi before some tests at room temperature and 650°F.
Data are included for a few bend tests after three different treatments, and
for room-temperature tensile properties of annealed specimens.

Armco Steel Corporation

Technical data are being developed for PH14-8Mo stainless steel over
the temperature range likely to be encountered by a SST. Five conditions
of the material are being evaluated to varying degrees. In addition to
screening-program data, results are being obtained with center-notch
fatigue-cracked specimens, and Allison bend parameters are being established.

A limited amount of unstressed exposures to 1000 hours at 500°F
will be carried out,

Other phases of the program include effects of TIG welding, cold work,
and stress-corrosion cracking at Kure Beach and by laboratory salt-fog tests.

The Boeing Company, Transport Division

Tear resistance was evaluated between -65° and 500°F for AM350 (SCT
and CRT), and for AM355 (CRT) stainless steels, using specimens 24-inches
wide by either 23 or 48-inches long. A machined center notch 8-inches long
was transverse to the testing direction, Type I notches were 0.005-inch wide:
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Type II, 0.030 inch except for the last 0.25 inch at each end, which was
also 0. 005-inch wide. Effect of strain rate was evaluated for the AM350

material,

Greased stiffener plates were lightly clamped against the specimen
in an effort to minimize buckling as the 'crack-growth jig' was loaded by
a hydraulic system. An oscillograph recorded the load rate, measured
by a 50 KIP dyne bar.

Critical crack lengths were determined by visual observation during
slow crack extension, and by studying the fracture surfaces. Coupons
machined from broken tear-test specimens were tested at the tear-test
temperature. Strain rates in standard tensile tests were increased from
0. 005 to 0.10 inch/inch after two percent strain had been reached.

Tabulated results include the stress intensity factor k = 7G Naa,
where 0 = the gross area stress, psi
a half the initial crack length
a Irwin's correction factor for axial rigidity of the panel.
Other listed values are Ao /At and Ge.

I

i

Decreasing fracture toughness with increasing temperature for the
CRT condition was attributed to structures with more than half austenite.
A drop in toughness of AM350SCT at -65°F was stated as probably due to
greater transformation to austenite in this condition.

AM355 CRT was extremely sensitive to load rate, with a decrease
in the yield-zone width and in the critical crack length for increasing rates.

Crucible Steel Company of America

This program involves determination of technical data om AFC 77
steel sheet in the temperature range anticipated for a SST. Tables list
results of basic screening data, as well as for fatigue-cracked center-
notch specimens. Varied cold reductions and welding conditions, in
conjunction with varied thermal heat treatments, are being studied in an
effort to optimize treatments and properties.
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Douglas Aircraft Company, Inc., Aircraft Division

Tear-test results are tabulated for AM350 sheet, treated to the
SCT-850°F condition after shearing and milling to panels 8, 000-inches
wide (in the rolling direction) by 24-inches long. A 0.006-inch wide
starter slot 0,450-inch long was "Eloxed' across the center of each panel,
and a 1. 0-inch long crack then was developed at each end of the starter
notch by fatigue.

Cracked panels were tension tested to failure, at a loading rate
between 1000 and 5000 psi per second.

No report was made of the composition of the particular na terial or
of crack measurements other than its original length.

The International Nickel Company, Huntington Alloy Products Division

Screening tests of Inconel 718 sheet were made for transverse speci-
mens in two conditions of heat treatment. Some specimens had been exposed
for 1000 hours at 650°F and 40, 000 psi stress. Effects on room-temperature
properties from sheet thicknesses between 0.027 and 0. 050 inch received
some attention.

NASA Langley Research Center

Tensile data at -110°F and at room temperature were determined for
unnotched and sharp-edge notched specimens of two annealed titanium alloys
(Ti-6Al1-4V and Ti-8Al-1Mo-1V), and of PH15-7Mo stainless steel in the
TH 1050 condition. Unstressed exposures of up to 10,000 hours at 550°F
are included, with future tests to 22, 000 hours planned. ASTM type notched
specimens had a root radius of approximately 0.0005 inch.

Lockheed Aircraft Corporation, California Company

Crack-propagation data have been obtained at -65°, room temperature,
and 600°F for a variety of alloys and treatments under consideration for use
in SST. Some specimens were oriented parallel to, and others transverse to,
the rolling direction of the sheet.
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Terms employed in the tabulated results include the following:

Fg = gross area stress
change in the work necessary for crack propagation
dw/da = :
change in the surface area of the crack
F¢y = ultimate tensile stress
Fyy, = 0. 2% offset yield stress,

Control-coupon data define base properties of each of the materials,

Crack propagation specimens were 9-inches wide by 27-inches long.
Fatigue cracks were initiated from "Elox'" cuts produced across the center
of the panel by an electrical arc cutting process,

Static crack growth was measured with a transit, using a 0,02-inch
division scale clamped to the specimen immediately above the crack.

Tables in this report list results for the following materials:

Ti-6Al-4V (annealed; solution treated 1+ aged)

Ti-4Al1-3Mo-1V (925°F, 12 hrs,; 950°F, 24 hrs.)

AM350 (CRT 650; CRT 850; CRT 1050)

AM355 (six different conditions)

PH15-7TMo (RH 1075)

D979 (1850°F, AC + 1550°F, 6 hrs., + 1300°F, 16 hrs.)

Inconel 718 (Solution treated + 1400°F, 16 hrs.; cold rolled + 1400°F, 16 hrs.)
Rene' 41 (solution treated 1975°F + 1400°F, 16 hrs.)

Northrup Corporation, Norair Division

Tensile tests at room temperature, 1000°, and 1300°F were reported
for unexposed longitudinal specimens of 0.040-inch thick Rene' 41, most
with the heat treatment: 1975°F, /2 hr. + 1400°F, 16 hrs.
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COMPARISON OF MATERIALS

Two groups of summary figures allow comparison of the numerous
alloys and alloy conditions for which basic screening program data are
presented in this paper. These figures will be found at the end of this
report.

The first group of three figures presents, in bar graph form, the
tensile properties reported for the basic screening program test temper-
atures of -110°F, room temperature, and 650°F. Tensile strength, yield
strength, elongation, and sharp-notch strength are included for both
longitudinal and transverse test directions. All test results for a given
condition were averaged, whether from one or several sources. Results
for 1000-hour exposures at 650°F are indicated wherever they differed
from those without prior exposure.

The second group of six figures involves calculated parameters,
notch-strength ratios and notch-strength ratios adjusted for density. The
following comparisons are made at -110°F, room temperature, and 650°F:

(1) notch-tensile strength ratio versus tensile strength

(2) notch-tensile strength ratio versus tensile strength-
density ratio

(3) notch-yield strength ratio versus yield strength

(4) notch-yield strength ratio versus yield strength-density
ratio

The direct comparisons of tensile or yield strength at a given temper-
ature are presented on the same sheet. Similarily, comparisons of tensile
and yield strength, adjusted for density, are presented to permit visualization
of the influence of density on the relative strength levels.

Each point on these figures was calculated using averaged tensile pro-
perties at the indicated temperature and room-temperature densities. An
accompanying identification key indicates the type of material by a distinctive
shape (3/ = titanium alloys, [] = stainless steels, O = superalloys) and
a number which identifies the particular material and its heat-treatment con-
dition. One can readily compare properties for the same material on the
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several plots by looking for the same identifying symbol and number. In

these comparisons, transverse properties were used unless only longi-

tudinal data were available.

National Aeronautics and Space Administration,
Washington, D.C., March 19, 1963
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TEST DATA

INDIVIDUAL LABORATORY PROGRAMS
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Ti-6Al1-4V

INDEX OF MATERIALS

Data

Sheet Organization Reporting Data
1 Syracuse University Research Institute
2 Materials Research Laboratory, Inc.
3 Langley Research Center, NASA
4 North American Aviation, Inc.
5 Lockheed Aircraft Corp., Calif. Co.

Data
Sheet

1 &2
(9004) 5
(D-705) 5

Alloy Producer

Republic Steel Corporation
Republic Steel Corporation
Titanium Metals Corp. of America

Titanium Metals Corp. of America

Composition, percent
C \' Al N Fe
0.034 4.10 6.10 0.012 0.18
0.024 4.0 6.0 0.016 0.11
0.026 4.0 6.1 0.016 0.10
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Exposure stress , ksi

Effect of exposure stress (surface stress in bending of strips coated
with sea salt ) on room-temperature tensile properties of annealed
Ti-6 Al-4V sheet exposed 100 hours at 650°F, (Data Sheet No, 2)



2.0 1 1 r
T1-6A1-4V (RS-120A)
ANNEALED
1.0 ;£k===§EEEZEE
.8 =
.6
o O LONG
E n ® TRANS
5
E -2 ¥
@ 2.0 Ti-6A1-4V (RS-120)
& SOLUTION TREATED
3 AND AGED
=
1.0
" ..
.6
oAl
.2
1 2 )-l- 6 8 10 20

STRESS CONCENTRATION FACTOR ( Ky )

Notch strength ratio at room temperature versus stress concentration
factor (K{) for Ti -6A1-4V (RS-120A) . A single point designates the
average of two test points having close values, (Data Sheet No, 1)
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Alloy Designaotion: _Ti-6A1-4V (RS-120A)

—__As noted below

Heot Treatment:

Contributor:

Syracuse University Research Institute

SHORT-TIME TENSILE PROPERTIES

Sheet Thickness, inches

Daota Sh,

eet No. 1
0.025

Prior exposure® fou Unnotched {smooth) specimens Sharp edge notches ®Edge-Cracked Specimens
est —— S ey T e i
Temp.| Tensile strength, Yield nung'h,b Tk:ng.“ G.L., |[Elong.| G.L, | Tensile strength, | Strength ratio, | Tensile Str. {C), | Strength
Temp [Stress| Time, “F ksi ksi % in, % in. ksi ksi Ratio, C/S
o si h d
oo L T 1 L 1 L T Tt e 1
Annealed
None -110 170.5 169,51163,5 159 6,4/1.5 |12.6}11.5 136.6 131.2 - 137 106 .
None S110] --- R IUDEE A DR NN O R 1346 080 078 oy 133 1076 0.7
650 01000 -110 171 175.5( 161.5 168 .0 5 [12.5|1.5 122.5 130.5! 0.72 0.74
650 2531000 -110 173 175 163 166.3] 11.3(1.5 [11.0]1.5 134.5 143.8)0 78 0. 81
650 251000 -110 --- --- --- --- --- ER IR T --- 140.5 - :
N 124, LTS 3, .5 137. 37.2
1\‘une Room 135 146 24,5 136 9.7 13,01 2 1 11.02 0.96 118 129 Y0.87 0.88
None Room --- --- --- - --- -- .- -- --- 142.9 - ---
650 0]1000 Room 142.6 157.51129 137 11.71 12,44 1. 125 123.7| 0.88 0.79
650 2511000 Room 146.8 152 135 140 10.0 |1 12.511 137.6 143 }0.94 0.93
650 25 (1000 Room | --- --- --- e i I I --- 139.51 77 !
None 350 115.5 123,51102.5 110.5) 11.4(1.5 {10.4|1.5 118 132
None 350 R B 127 }1.02 1.05
None 650 10t 107.8 76 89.7 8.711.5 6.411.5 39 109.6
None 650 .- - - R T gy .- jor.sf0:93 .01
650 25 [ 1000 1630 , 100.5 111.2 80.5 93.8 9.0:1.5 7.011.5 102.5 106
650 25|1000 {650 | --- - . FUSORE PR P - 112, 5p 102 0.98
Nene 800 91.4 100 75.4 83.6] 10,0|1.5 5.4: 1.5 94.5 110
None 800 .- .- .- T 1o5.gf 1-0¢ 1.08
Solution treated + Aged
None -110 197.5 208 182.5 194.5 7.0!1.5 7.0[1.5 111.5 103.5 116.5 90.5
None i S110] --- - - U R [ - 100.5}0'56 0-49 4 1115 93 }0.58 0.44
650 031000 -110 189 197 176 182.5 5.4:1.5 4.7| 1.5 96 103, 8| 0.51 0.53
650 2551000 -110 199 206 185.5 190 2.7 1.5 .01 1.5 112.5 100.5)0 57 0.50
650 2511000 | -110] --- --- --- e e --- 104 ’ :
None Room 171 164,2 | 155 151.5 6.0(1.5 8.4/ 1.5 130 127 }o.76 0.75 122 120 }o.71 0.73
None Room: =--- .- --- --- N I IR e - 119.1 .- ---
650 0| 1000 Room: 165 --- 151.5 --- 6.0|1.5 | --- -- 112 111
0.6 .62
650 0| 1000 Room: 162 79 152.5 --- 6.0|1.5 6.4 --- -—- ) 9 0.6
650 25| 1000 Room. 171.5 165 - 162 5.0(1.5 0.711. 119.5 125
650 25| 1000 Room| --- RN R ae- RN R O 16,5 070 073
None 350 145.8 143.8 | 118.5 120 7.7'1.5 6.0/ 1.5 135 141
None 350 - -—- - - e R .- 142 }0.93  0.98
None 650 126.3 135.2 G7.4 104.7 5.4/1.5 5.3 1.5 117 124
0.93 0.91
None 650 | --- - .- PO N R e T 123 P09 9
650 25| 1000 650 131.3 133.21101 105 5.0(1.5 4,7, 1.5 126.8 124.8)0 97 0.95
650 25| 1000 | 650 --- - - --- e R IR - 130 N .
None 800 12l 127.3 92.9 95.9 5.7|1.5 5.0 1.5 103.8 116.4)0 36 0.91
None 800 --- --- --- B I I B - 115.5 °° '

Comments. @ Conditions of exposure, if any, between heat treatment ond testing.
“Gage length was 2 inches unless otherwise specified.

bo2% offser vield strength unless otherwise specified.
dy = longitudinal orientation T = transverse orientation

e . R
_ Specimen 1.00 in. wide notched 0.05 in. deep, then fatigued to €. 70 in. between the roots of the edge cracks, .
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Alloy Designation: ____Ti-HAl-4V Contributor: Materials Reseayrch Laboratory, Inc Dota Sheet No.. 2
Heat Treotment _______ Annealed . e e Sheet Thickness, inches __ 0,025
SHORT-TIME TENSILE PROPERTIES AFTER SALT EXPOSURES®
U 2 e S o
Prior exposure® reu Unnotched (smooth} specimens Sharp edge notches
) e est f———— B e - R R i
fin bending) —Temp.| Tensile strength, Yield strength,b r[long.‘ GlL., Elong? G.L, | Tensile strength, | Strength rotio,
Temp.|Stress| Time, | “F ksi ksi 3 in. % o in. ksi
F ksi hr. T . T L i T Tl T
- P . - — -
450 25 11000 B L I e T P b ——a- ---- 138.2  -----
500 25 | 1000 110 ---e- mmeee ] emeee mmen ---- -—-- 138.4 145.2
500 25 11000 R e T ---- e 147.0 -----
450 25 [ 1000 [Roomi| -----  -----l wem-o oo .- EE Rt N N 125.0
500 25 [ 1000 |Room| ~----  —----l —-wen oo —-—- - 126. 4 131.9
P
650 0| 100 |Room : 14
650 0 | 100 Room 15
650 0 | 100 Room 14
650 0| 100 Room 14
650 0| 100 Room 13.5
650 | 7.6 | 100 Room -
650 | 7.6 | 100 Room ----
650 7.7 | 100 Room 14
650 7.7 | 100 Room 13
650 7.7 | 100 Room 14
650 |21.8]| 100 Room| 144.8  ----- 139.6  ----- 12 ———-
650 |21.8]100 |Room| 148.4  «-e-- bo141.8  ----- 11
650 |23.8|100 |Room| ----- 148,01} c-vee oo-e- R 2
650 [24.0| 100 |Room| ----- 153,00 -c-en aooa- —-- 8
650 |24.0] 100 Room| ----- 153,00 -----  -—--- -—-- 8 |
650 136.0( 100 Room| 146.2  ----- 138.4 ----- 8 -
650 |36.2|100 |Roomf 148.7  «---- 138.6  ----- 10 -
650 [36.2]| 100 Room¥ 148.0  ----- 137.1 11 i
650 [37.2(100 |Room| 147.8  -----| oo oeeo- 7T ——-- !
i ! .
650 |38.8| 100 Room 150.2 - 145.0 . 14 i '
650 |38.8,100 Roomé 155.3 - 146.0 14 ‘
650 |39.81100 |Room. 132.8 - 1 i
650 |40.0! 100 Room 104.7 - 2 :
650 |40.1]100 |Room: 105,9 | -----  —---- ---- 1 :
i )
450 | 25 1000 [650 | ---a-  cmmeo| mmeeeoee- - R cem-e o 112.8 %
500 | 251000 |650 | ceeenameen| eeen oooo- I R 102.2 —-me- |
650 | 25 | 1000 | 650 | (k) (h)
Comments: 9Conditions of exposure, if any, between heat ireatment and testing. bO,’l'Z offset yield strength unless otherwise specified
;Gogo length was 2 inches unless otherwise specified. d|. = longitudina! orientation T = transverse orientation
_Solid coating of natural sea salt __  f - No salt; same atphosphere of air and reaction products as for other specimens
8Salt on the compression side only; all other bend h Two longitudinal specimens failed during exposure at 63.0 and 187.2

tests had salt on the tension side only.
hrs,, respectively.

hrs; three transverse specimens failed at 23.2, 275.8, and 394.7

Alloy Desi tion: Ti-6Al-4V Contributor: NASA, Langley Research Center Data Sheet No: 3

Heat Treatment: Annealed Sheet Thickness, inches 4
SHORT-TIME TENSILE PROPERTIES
Prior exposure® Tost Unnotched (smooth) specimens Sharp edge notches
es e s —— et
Temp.| Tensile strength, Yield s'ung'h.b Elong"| G.L., [Elong.| G.L., | Tensile strangth, | Strength ratio,

Temp.|Stress| Time, °F ksi ksi > in. % in. ksi

M b d

F ksi hr. L T L Y L 1 L B Tt T Tt T
None -110}172.0 171.0} 162.5 167.0| 14.0 0 138.5 139.3 } 0.77 0.81
None -1101169.0 171.07 159.0 164.0 ---- 4.5 124.8 139.0 ) :
550 G 2000 -110|171.0 172,0| 164.0 166.0] ---- 9.0 131.8 139.5 } 0.78 0. 79
550 0 | 2000 | -110}168.2 171.0| 161.5 166.0] 14.5 14.0 134,2 131.5 : )
550 0 4000 -110} 171.0 171.5] 163.0 164.0) 14.5 14.0 144.0 142.5 } 0.84 0.80
550 0 4000 ' -110] 170.0 172.0| 162.5 167.0} 14.0 13.0 143.5 134.0 :
550 0 7000 ' -110| 169.0 169.0] 161.5 162.5f 11.0 —- - 127. 6 139.0 } 0.73 o0.82
550 0 7000 -110§ 169.5 169.0] 161.0 161.5f -~-- 13.5 121.0 137.7
None Room| 145.0 145.5( 138.5 141.0f 12.5 13.0 144.5 152.5 } 0.96 1. oil
None Room| 145, 5 146.7| 136.9 139.0| 13.0 13.5 135.0 141, 8 :
550 0 2000 ,Room| 143.8 145.0f 138.4 140.7| 13.0 13.5 130.5 150. 1 } 0.90 1. 03
550 0 2000 |Room| 144.2 145.8) 137.4 142.8} 14.0 14.0 131.5 150.6
550 0 4000 |Room| 144.9 147.5) 140.5 141.0] 12.0 15.0 141.9 151.2 } 0.99 1. 01
550 ¢ 0 4000 |Room| 144.6 147.1) 138.0 142.0| 12.5 15.0 143.5 145.2 ) .
550 0 7000 {Room| 144.5 145.0{ 134.0 138.0] 14.0 14.0 146.5 150.5 } 101 1.04
550 0 7000 [Room| 142.0 145.5( 135.5 138.5] 15.0 13.5 142.5 153, 0 ’ :

Comments: 9Conditions of exposure, if any, between heat treatment and testing. h0.27} offset yield strength unless otherwise specified -
¢ Gage length was 2 inches unless otherwise specified. dp = | dinal orientati =t se orientation
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Alloy Designation:
Heat Treatment:

i- -4V Contributor:
1100°F, 4 hrs.; brazed at 1725°F, air cooled

Noxth American Aviation, Inc

Data Sheet No.: 4
Sheet Thick , inches 0,050

SHORT-TIME TENSILE PROPERTIES ¢

Prior exposure® fou Unnotchad (smooth) specimens Sharp edge notches
o
Temp.| Tensile strength, Yield s!ungth,b Elong’| G.L., [Elong.! G.L., | Tensile strength, | Strength ratio,

Temp.|Stress| Time, | °F ksi ksi % in. % in. ksi N/S

°F ksi hr. L i . "

BEFORE BRAZING
None Room 161.9 151.2 11
None Room 160.9 150. 4 12
None Room 159.8 152.3 10
BRAZED SPECIMENS

None Room 142 130.5 15
None Room 144 128 13.6
None Room 187 116.5 16.1

Comments: ®Conditions of exposure, if any, between heat treatment and testing.
€Gage length was 2 inches unless otherwise specified.

b0.'17. ofiset yield strength unless otherwise specified.
Test direction not stated

STRESS-CORROSION TESTS

Cantilever beam tests at 650°F in circulating air furnace.

Salt coated by dipping in hot concentrated 6 parts NaCl + 1 part MgCl, and drying.

Smooth and Notch Specimens Tested

at point of maximum stress and at a point of very low stress.

Test Condition

Maximum Stresses

Smooth Notched

(ki) (ksi)

- 60°V-notches, 0.010-inch deep with 0. 005-inch root radius, machined across flat surface

Status at 4700 Hours(3)

Bare Surface - continucusly exposed
Salt Coated - continuously cxposed(b)
Braze Coated - continuously exposed

Braze + Salt Coated - continuously exposed

Salt Coated - 2 weeks at 650°F + 2 weeks
in humidity cabinet at 100°F intermit-
tently

(a) All unbroken at 4700 hours

(b) At 4700 hours, the salt coating appeared spottyv

64

36.9,
34,0,
28.7,
33.1,

36.0, 36.5 58.0, 58.0
35.2, 34.4 51.4, 53.4
20.2, 29.6 47.4, 46.6
29.9, 30.9 44.6, 46.6

33,3, 35,1

62

Slightly blued
Some surface darkening and few rust-like spots
Slight darkening

Dark brown and rust-like spots on specimens at
bottom of furnace

Blue-gray color




Alloy Designation
Heo! Treatment

_ Ti-0Al-4V

As noted below

Contributor:

Lo

TEAR-TEST DATA

Data Sheet No: 5
Sheet Thickness, inches _

Test

Crack Propagation Data

Control Coupon Data

Temp Test Thickness Width Load I Fg I Crack Length Fty Fiu 1 Elongation
(°F) Direction (in. ) {in. ) {lbs.) (ksi) {in.) dw/da {ksi) (ksi) (%o}
Annealed
Room L 0.0240 8.99 16850 78.0 1.59 1004 138.1 146.7 14,2
Room L 0.0236 9.00 15600 73.6 1.50 840
Room L 0.0236 9.00 11600 54,7 2.56 845
Room L 0.0243 8.99 12020 55.1 2,43 BO6
Room T 0.0230 8.99 20600 9.5 1.18 1046 149.4 155.3 11.5
Roormn T 0.0225 8.99 18700 92.6 1. 36 1054
Room T 0.0226 9.00 13600 67.0 2.38 1018
Room T 0.0235 8.99 13120 62,2 2.20 BO2
600 L 0.0216 9.00 14900 6.6 1.47 1054 86,3 104.3 9.0
600 L 0.0252 9.00 16100 71.0 1.35 829
600 L 0.0237 9.00 11850 55,6 2,58 1041
600 L 0.0236 8.98 12060 56.6 2.54 1060
600 T 0,0226 3.00 16600 81.6 1.27 968 93. 4 107.1 6.8
600 T 0.0240 9. 00 17600 81.5 1.37 1045
600 T 0.0223 9,00 12650 63.0 2.57 1255
600 T 0.0223 3,00 11800 537.5 2.75 1136
Solution Treated and Aged
Room L 0,0248 9. 00 20850 93,4 1.48 1211 167.2 174.0 8
Room L 0.0240 3.02 18200 84.1 1.36 898
Room L 0.0246 9.01 13200 39.6 2.45 863
Room L 0.0238 9.02 12100 56.4 2.32 725
Room T 0,0247 9.02 18100 81.2 1.35 860 161,7 169.7 6
Room T 0.0239 3.00 16500 76.7 1.45 828
Room T 0.0237 9.02 10700 50.0 2.42 621
Room T 0,0235 9. 00 10600 50.1 2.39 614
600 L 0.0228 9.00 14900 72.6 1.45 892 114, 0 135.6 &
600 L 0.0231 9. 00 15500 74.6 1.45 941
600 L 0.0238 9.00 11400 33.2 2,85 103)
600 L 0,0238 9.00 11450 33.5 2.43 859
600 T 0.0250 9.00 19600 87.1 1,40 1256 106.0 129.5 5
600 T 0,0241 8,97 18400 35.1 1.42 1218
600 T 0.0237 9.02 10400 48.6 2.53 753
600 T 0.0241 9.00 10900 50.6 2.40 759
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Ti-8Al-1Mo-1V

INDEX OF MATERIALS

Data Heat
Sheet Organization Reporting Data Alloy Producer Number
1 Lewis Research Center, NASA Titanium Metals Corp. of America V-1551
Materials Research Laboratory, Inc. " ' ten " V-1551
V-1848
3 Langley Research Center, NASA " " oo " V-1551
V-1555
4 Joliet Metallurgical Laboratories, Inc. " " v " D-1237
5 Joliet Metallurgical Laboratories, Inc, " " reon " V-1555

6 North American Aviation, Inc.  =====-=- ---

Composition, percent

Heat
Number C Fe N H Al Mo \" Ti
V-1551 0.032 0.09 0.013 0. 0055 7.8 1.1 1.1 Bal
V-1555 0.026 0. 09 0.015 0.009 7.8 1.1 1.0 Bal
D-1237 0.027 0.11 0.014 0.007 7.7 1.2 1.0 Bal
6O
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Tensile strength, ksi

Elongation, percent

160 1 T T T i I
Longitudinal Transverse
150 } . r
-‘?\ ° §
7 ) o
[ ]
130 = 4
\ NS
120 5 \
110
o o
X Zero Stress - No Salt
100 - e Specimens exposed to A
identical atmosphere
90 i but salt coated on the
bend specimen com-
o pression surfacc.I
80 —o ' ' '
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Exposure stress, ksi

Effect of exposure stress (surface stress in bending of strips coated
with sea salt ) on room-temperature tensile properties of annealed
Ti-8 Al-1Mo-1V sheet exposed 100 hours at 650°F, (Data Sheet No, 2).
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Alloy Designation; _ Ti-8A1-IMo- 1V Contributor: NASA Lewis Resegarch Center Data Sheet No.. L
Heot Treatment: Mill Anneal 1450°F, 8 hrs, I Sheet Thickness, inches ___0.020
SHORT-TIME TENSILE PROPERTIES
Prior exposure® ; Unnokched (smooth) specimens Sharp edge nolches
est - | ST S S — T "
Temp.| Tensile strength, Yield s'ung'h,b E|ong.° Gi., |Hlong.! G L., | Tensile strength, Strength ratio,
Temp/Stress| Time, | °F ksi ksi % in. % in. ksi N/S
@ ksi . d
Fopbsil hr L T T L T L T T Tt T
None -110{173.9 163,21 162.3 157.3| 12.5 7.5 102.2 120.3
None B L I e B - .- 106.9 123.2 } 0.60 0.75
650 25 | 1000 -1101171. 0 167.31 161, 7 160.5] 13 18 112.1 129.5 } 0.63 0.76
650 25| 1000 | -110|-----  ----s|a---- mo-e- - JE— 104.5 124,5 . .
None Room| 156. 4 144.4 | 146.3 .38.9( 17.5 18 101.1 121.9 .
None O - e 104.4 6. 6|} 0-86 0.83
650 2511000 {Room|162.3 148.9 | 147.8 141.7| 18 18 107.2 120.9 } 0.64 0. 82
650 25 11000 |Room|-=--- = c----] -e--- =o--- .- - 101.8 124.5 : ’
None 650 110.0 91.7 91.2] 3 13.5 110.0 92.3
None 650 |memon mmeeaaeeeeaees 12,5 914 } 1,01 0.84
650 25 | 1000 650 112.1 90.6 91.0} {e) 13 113.8 101, 6
650 | 25 (1000 | 650 |---ex  mmcma|e---naoee- eee- . 4.5 1008y 095 0.90
Comments: ®Conditions of exposure, if any, between heat treatment and testing. bO,TZ’, offset yield strength unless otherwise specified
éGog. length wos 2 inches unless otherwise specified. dy = longitudinal orientation T = transverse orientation
Broke ou}sxde gage nf‘,a,r,kﬁ, D _ o e
Alloy Designotion: __Ti-8Al-1Mo-1V Contributor: Materials Research Laboratory, Inc. Data Sheet No.: 2
Heat Treatment: Anpealed Sheet Thickness, inches __0.Q18
- e
SHORT-TIME TENSILE PROPERTIES AFTER SALT EXPOSURES
Prior exposure® : Unnotched {smooth) specimens Sharp edge notches
bendi est - - N e T
(in bending) Temp.| Tensile strength, Yield s!nng'h,b Elongt| G L., Tensile strangth, | Strength ratio,
Temp.|Stress| Time, °F ksi si ( "n. ksi
. i d
F ksi hr. L i T L T L T Tt Tl T
650 o 100 |Room | 146.8 146.0) 141.9 140.0] 20 14
650 0 100 |[Room | 148.1 144,9| -~--- 139.8f 18 17
650 0 100 jRoo 145.0 141.1| 139.9 137.0] 19 --
650 0| 100 [Roornf] ----- 144. 1| ----- 140.0) -- 16
650 5.5 100 |Room| 146.8 20.5 —---
650 5.5 16.5 —_———
“50 5.6 11.5 —_———
650 E.7| 100 {Room|-=----  131.0| --=-- = ===-- - 14
650 5.8 140,.8| ---- 17
650 |17.5) 100 |Room|132.9  ceeoo| eocen oo 1 O
650 117.5 100 |[Room|126.8  ----=] -----  ----- ———-
650 117.5 100 |[Room| 137.9  ----- 137.9  ----- ----
650 [18.0 100 Roomj----- 119.0| --=--  ~=-=-- 2
650 {18.3 100 |Room)] ==-=- 108.4) =-m-n  —---- oo 2
650 |28.5] 100 |Room| 82.5 = =-----j -----  =----- 1 -
650 |28.8] 100 JRoomy 80.4  =-----! -<c---  ----- 1 -
650 |29.2 131.8| --=-=-  ----- 1.5 2.5,
650 [29.6 125.8| -----  ----- - 1.5
650 {29.7 132.7 131, 1| ---- 1.5
650 |28.0| 100 |Room$145.2  -----| 141.4  ----- 19.5 e
650 [28.5 100 |Room% 148.5  -----} 141.9  ----- 19 —---
650 128.8 100 141.0 140.8[ ---- 17
650 |29.2] 100 143.2} —enen 139, 1] —--- 16
650 | 251 1000 | <110 cccee cmeeod aiemnaaaan . (U N 32.3
550 25 | 1000 ---- ---- 122,00 -----
500 25| 1000 —-- EER 122.8 128.8
500 25 | 1000 ---- . 106. 1 127.2
550 | 25| 1000 |[Room| --=e-  eeeee| ceoee aoa-- . . 120.4  momo-
500 25 | 1000 [Room| ----- = =-===| ----= ----e ——- ---- 125. 4 131.2
500 251 1000 |Room| ----+ = ====c]| -==-=  --=-- —--- “m-— 120.1 120. 4
650 | 25| 1000 | 650 :-ccan  mmeme| -oo-- (h) 58,2
550 | 25| 1000 | 650 | -mmn  emmoobeccoeeeeenfaoail o laeae] e 100.8
500 25 | 1000 650 | -- == emeemlo--e- i 109.1 103.6
500 25| 1000 | 650 | ---~--  =--=-] m---- ; ---- 109.5 101.8 [
i

Comments: @Conditions of exposure, if any, between heat treatment ond testing.

;Gcgl langth wos 2 inches unless otherwise specified.
Solid coating of natural sea salt

gSall’. on the compression side only; all other bend

b0.2% offset yield strength unless otherwise specified.

dy = longitudinal orientation T = transverse orisntation
f - No salt; same atmosphere of air and reaction products as for other speci-

tests had salt on the tension side only.

hthree longitudinal specimens failed at 120, 240, and

283 hrs., respectively, during exposure.
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Alloy Designati Ti-8Al-1Mo-1V Contributor: Data Sheet No.:
Heat Treatment: Annealed Sheet Thickness, inches 0.04
SHORT-TIME TENSILE PROPERTIES
Prior exposure® Tos U tched (smooth) sp 1 Sharp edge notches
es
Temp.| Tensile strength, Yield uunplh,b Elong’| G.L., [Elong.| G.L., | Tensile strength, | Strength ratio,
Temp.|Stress| Time, | °F si ksi A in. % in. ksi N/S
o i d
Folksi| b L T T L 1 L Tt Tt Tt 1
None -110|176.0 175.0( 171. 0 170.0| 19.0 ——-- 112.0 109.8 }o.68 0. 60
None -110|176.0 176.0 | 171.0 170.0| ---- - 125.5 99.¢2 N ’
550 0 2000 -110]176.0 179.01} 167.5 167.5] ---- 20.5 121.0 101.0 }0. 66 0.55
550 0 2000 -110|181.0 180.0] 170.0 168.5) ---- 19.5 113.5 96.5 ! '
None Room|[155.5 159.0 | 145.5 146.0] 18.5 16.5 127.5 110.0 }o.81 0.71
None Room| 157.0 159.0] 146.0 148.0] 17.0 16.0 126.5 114.0 ’ )
550 4 2000 |Room|155.0 156.0 | 144.0 144.0]| 15.5 19.0 114.5 110.5 }o.78 0.73
550 0 2000 |Room|153.0 153.0| 142.0 142.5| 18.5 17.0 126.0 114.0 : :
Aloy Designotion: _Ti-8Al-]Mo-]1V Contributor: Joliet Metallurgical Laboratories, Inc. Data Sheet No.: _ 4
Heat Treatment Annealed 1450°F Sheet Thick inches 0.025
SHORT-TIME TENSILE PROPERTIES
Prior exposure® Unnotched {smooth) specimens Sharp edge nolches
Test
Temp.| Tensile strength, Yield s!r-ngf’l,b Elong® G.L., {Elong.| GL., | Tensile strangth, | Strength ratio,
Temp.Stress| Time, | °F i si fa in. % in. ksi N/S
° ksi hr. d
F o " L Tt T L T L L Tt Tt T
None Room| 149.1 143.0 15.5
None Room|150.7 143.2 15.0
None Room | 147.2 142.9 16.0
None 550 |120.3 101.9 18.0
None 550 {118.8 98.5 16.5
None 550 j122.2 97.3 17.5
Allay Desig: Ti-8Al-1Mo-1V Contributor: Joliet Metallurgical Laboratories, Inc.

Heat Treatment:

1850°F, % min., AC + 1100°F, 8 hra. AC

SHORT-TIME TENSILE PROPERTIES

Data Slz)eet No:_5
__ 0,064

Sheat Thickness, inches

Prior exposure® Total plastic Test v hed | th! s Shorp edge notches
deformation lygmg | Tensile strength, Yisld strength.b |Elong®| G.L., {Elong.! G.L., | Tensile strength, | Strength rotio,
during exposure . . 9 9
Temp,Stress| Time, g exp o1 ooF si ksi % in. % in. ke si N/S
°F ksi hr. d
si 14 L T L 1 L T L TiL T|L
None Room|162.0 148. 4 13.0
None Room|162.3 148.0 11.5
None Room | 163.3 149.9 13.0
550 1120.0/859.8 0.894 Room|162.9 162.0 7.0
550 [117.5/503.4 0.834 Room| 165.2 162.9 9.0
550 §115.0(431.8 0.580 Room|164.0 161.6 9.0
550 |115.0(1195.4 0. 400 Room| 163, } 159.5 8.5
550 {l112.% 500.5 0.196 Room|163.1 160.2 8.5
550 1100.01150.2 0.112 Room| 166.7 152.9 9.5
None 550 |127.5 99.7 11.5
None 550 |127.1 102.4 11.0
None 550 |127.7 99.6 11.5
Commuents: @ Conditions of axposurs, if any, betwean heot treatment and testing. ©0.2% offset yield strength unless otherwise specified.
“Gage length was 2 inches unless otherwise specilied. di = longitudinal ori i =  Ofi i

g

¢
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Alloy Designation: __ Ti-8Al-1Mo-1V Contributor: North American Aviation, Inc. Data Sheet No.: 6

Heot Treotment: Unbrazed - no heat treatment; Brazed at 1725°F, air cool Sheet Thicknass, inches 0.020 smooth
0.050 notched

SHORT-TIME TENSILE PROPERTIESd

Prior exposure® fou Unnotched {smooth} specimens Sharp edge notches
Temp.| Tensile strength, Yiald strength,b [Elong®| G.L., {Elong.| G.L., | Tensile strength, | Strength ratio,
Temp.|Stress| Time, | °F ksi ksi A in. % in. ksi
°F ksi hr. L Tt 11t 11
BEFORE BRAZING
None Room 152. 4 144.2 17.5
None Room 152 143.4 17.5
None Room 150.5 143.6 16
None Room 153.5 143 1.7
None Room 156. 5 143 12.8
BRAZED SPECIMENS
None Room 144 138 14
None Room 138 130 14
None Room 138 131 13
Comments: 9 Conditions of exposure, if any, between heat reatment and testing. l’0_27. offset yield strength unlass otherwise specified.

chgc length was 2 inches unless otherwise specified.
__ Test direction not stated

STRESS-CORROSION TESTS

Cantilever beam tests at 650°F in circulating air furnace,
Salt coated by dipping in hot concentrated 6 parts NaCl + 1 part MgCl, and drying.

Smooth and Notched Specimens Tested - 60°V-notches, 0.010-inch deep with 0,005-inch root radius, machined across flat surface
at point of maximum stress and at a point of very low atress.

Maximumn Stresses Fracture
Smooth Notched Time
Test Condition {ksi) (ksi) {hours) Surface Condition at 4700 hrs.

Bare Surface - continuousaly exposed 31.3, 29.7, 32.0 a Slight bluing
Salt Coated - continuously exposed(b) 27.2 3980

28,7 2720

29.4 a

a Some darkening and few rust-like spots

Braze Coated - continuously exposed 26.6, 32.1, 22.5 a Slight darkening
Braze + Salt Coated - continuously exposed 24,4, 22.7, 25.6 a Dark brown color with rust-like spots

on specimens at bottom of furnace

Salt Coated - 2 weeks at 650°F + 2 weeks 27.9, 27.9, 29.8 a Smooth blue-gray color
in humidity cabinet intermittently 28,7 © gray
{a) Unbroken at 4700 hours
{b} At 4700 hours, the salt coating appeared spotty
\»?O
Aot
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Ti-4Al-3Mo-1V

INDEX OF MATERIALS

Data
Sheet Organization Reporting Data
1 Syracuse University Research Institute

Lockheed Aircraft Corp., Calif, Co,

Alloy Producer

Republic Steel Corp.

Titanium Metals Corp.

of America

Composition, percent

Data
Sheet C Mo \" Al N H Ti
1 0.031 3.16 1.05 4,30 0.004 0.003 Bal
2 0.018 3.2 0.9 4.2 0.013 0.007 Bal
P~y
73
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160 T T
T1-4A1-3Mo-1V (RS-115)
ANNEALED
140
b o
i /3‘\
' bf’ )
B 120 s e
2 / 0 \\\
3 'y
B 100
B »
=
80
1.2
o o
1.0 W
) %4
S o O LONG 7 PRIOR TO
E @ TRANS J EXPOSURE
.8 O LONG - NATURAL —]
E ® TRANS J CRACK
A LONG }AFI‘ER EXPOSURE
§ A TRANS J ( 25 KSI )
6 vV LONG }AFI'ER EXPOSURE
5 ¥ TRANS J ( NO LOAD)
3
=
b
-200 0 200 400 600 800 1000

TEMPERATURE F

Effect of testing temperature on the notch strength and notch strength
ratio of annealed Ti-4 A1-3 Mo-1V (RS-115) sheet before and after prior

exposure,

(Data Sheet No, 1),
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Alioy Desig:
Heat Treatment:

Ti-4Al-3Mo-1V{RS-115)

Annealed

Contributor:

Syracuse Universgjty Research Institute

SHORT-TIME TENSILE PROPERTIES

Sheet Thickness, inches

Dota Sheet No.. L
.02

5 .

Prior exposured . Unnolched (smooth) specimens Sharp edge notches eEdgevCrackcd Specimen
est 1 TR T D U
Temp.! Tensile strength, Yield s!ronglh,h ElongS} G.L., |Elong.| G.L., | Tensile strength, Tensile Str.(C), Strength

Temp|Stress| Time, | °F ksi ksi % in. % in. si ksi Ratio, C/S
- ; h d

Fobsi] B L L T L T L Tt T Tt T
None -110 165 164.5] 154.5 158 5.0 |1.5 (4.1 1.5 124 101 . 104 113.6
None VY 124 [10-76 0.68 | Lo Lo4. ef] 0-69 0.066
650 0| 1000 -110 167 157 162.8 --- L01E1.5 | 1.34) 1.5 125 104,71 0.75 0.67
650 251 1000 -110 155.5 154.5( --- 152 1.67{1.5 | 4.01{ 1.5 12 103
650 | 25|1000 | -110| --- IO SO IR O E 103 |10-72 0.67
None Room 134.5 135 127 128 8.7 | 1.5 [ 8.4 | 1.5 128 132 115.6 27
e ool A A B R I B e [ro.es 100 ] MO 17 hoose 0,94
650 0! 1000 {Room 136 128 128.7 123.8] 9.04/1.5 [ 6.7 | 1. 135 126 0.99 0.98
650 251 1000 |Room 139 145 131.3 142,5) 8.0311.5 | 8,38 1. 132.5 131 10.95 8
650 25| 1000 |Room| --- - - R R S - 126 -95 0.89
None 350 115.5 114 97.7 105 8.7 i1.5 | 6.0 | 1.5 125 118.5
None 350 --- --- --- --- P T IR A --- 119 }1.08 1.04
None 650 95.5 93.5 76.2 79.4| 4.7 (1.5 [ 4.7 | 1.5 104 98. 5
None 650 _— . - [ [~ [ - - - 104 )1.09 1.08
650 25| 1000 650 96.8 89,7 81.2 80.3] 6.0 1.5 | 4.7 | 1.5 106.5 100.6)1 10 114
650 | 25| 1000 | 650 | --- RN IR IO N [ I 105 :
None 800 86.5 88 73.1 72 4,4 (1,5 2.7 | 1.5 97 97
None 800 o R R o o8 Yz o1

Alioy Designation:
Heat Treatment:

¢ Gage length was 2 inches unless otherwise specified.
Ve Specimen 1,00 in. wide notched 0. 05 in, deep, then fatigued to 0.70 in. between the rogts of the edge cracks,

_Ti-4Al-3Mo-1V
___ As noted below

Comments. @ Conditions of exposure, if any, between heat trectment and testing.

b529 offset yield strength unless otherwise specified.
dy = longitudinal orientation T = transverse orientation

Contributor:

Loockheed Aircraft Corporation, California Company

TEAR-TEST DATA

Sheet Thickness, inches

Doto Sheet No.: 2

Test Crack Propagation Data Control Coupon Data
Temp Test Thickness Width Load l Fg { Crack Length Fty Fty Elongation
{°F) Direction {in.) {in.) (1bs, ) {ksi) {in. ) dw/da (ksi) (ksi) I (%)
12 hrs, at 925°F
Room T 0. 0200 8.98 6370 35,5 1.32 161 186.6 202.8 4,5
Room T 0.0203 8,98 5160 28.3 2.29 189
24 hrs. at 950°F
Room L 0.0262 9.00 7300 30.9 1.19 106 178.5 196, 4 3.0
Room L 0.0260 9.00 9200 39.3 1.17 167
Room L 0.0260 3. 00 5360 22.9 2,41 125
Room T 0.0268 8.98 9300 38.6 1.29 172 190.1 207.2 5.0
Room T 0.0260 8.99 10000 42,7 1.10 178
Room T 0.0268 8.98 9460 39.2 2,14 308
Room T 0.0256 8.98 7430 32.3 2,32 229
600 L 0.0260 9.02 11120 47.4 1.40 372 118.7 152,11 3.5
600 L 06,0250 8.97 11430 51.0 1,42 437
600 L 0,0254 9.00 8670 37.9 2,45 441
600 L 0.0246 9.00 8450 38.2 2.46 450
600 T 0,0248 8.98 12180 57.7 1.30 498 133,2 161.8 3.5
600 T 0,0254 8.98 13650 59.9 1.56 652
600 T 0.0249 8.98 10550 47.2 2,53 696
600 T 0,0258 8.98 10370 44,8 2.66 666
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Ti-5Al-2.75Cr-1, 25Fe

INDEX OF MATERIALS

Data
Sheet Organization Contributing Data Alloy Producer Heat Number
1 Syracuse University Research Institute Republic 3930017

Composition, percent

Data
Sheet C Cr Al N Fe Ti
1 0.030 3.10 5.10 0.011 1.30 Bal

]
-}
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160 ] T T
A Ti-5A1-2.75Cr-1.25Fe (RS-140)
/'\ ANNEALED
H 1ko / RN
| // a l ~
B 120 LJ
: 4
£ A
. [ |
a ¥
£ 100 O
=
80
102
o)
1.0 .0
(o]
3 /(d( O LONG Y PRIOR TO
= @ TRANS J EXPOSURE
E .8 O LONG - NATURAL |
& 8 TRANS J CRACK
E Agv ALONG - AFTER EXPOSURE
0 A TRANSJ ( 25 KSI )
@ . v LONG 7 AFTER EXPOSURE
B .6 ¥ TRANSJ (NO LOAD) —
S
=
c)+
-200 0 200 400 600 800 1000

TEMPERATURE F

Effect of testing temperature on the notch strength and notch strength
ratio of annealed Ti-5A1-2.75Cr-1,25Fe (RS -140) sheet tested before
and after exposure, (Data Sheet No,1)
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{RS-140)
Alloy Designotion: _Ti1-5A1-2.75Cr-1.25Fe Contributor: Syracuse University Research Institute o . Data Sheet No.. 1
As noted . _ [ ,, e e _..__ Shee! Thickness, inches __0.025

Heot Treatment:

SHORT-TIME TENSILE PROPERTIES

i Prior exposure® Unnotched (smooth) specimens Sharp edge noiches Fdge-cracked specimens®
| Test — = - - - - 1 S— e g S semssesimm o
— Temp.| Tensile strength, Yield s'ranglh,h ElongS| G.L., |[Elong.' G.L, | Tensile strength, | Strength rotio, | Tensile str {C), [Strength ratio,
Temp,Stress| Time, | 'F ksi ksi % in. % in ksi N/S ks /s
f ki hr. d I
L T i T L T L T | L T L Tt B T
Annealed
None -110 {169 164 165.5 153 6.0(1.5 |10.711.5 [136 124 N 125.5 106
. .78 . L
None S110 [-ne-- S D SO R DR e 132,2) O-8L 0T g 116, 4]} 071 0.8
650 0 | 1000 -110 | 165,55 159.51 160 157.3 4.35/1.5 2.0141.5 121.5 132 0.73 0.83
650 25 | 1000 -110 161 161,51 161 161 2.01/1.5 2.341.5 117.3 129.5), 5.73 0.79
650 25 [ 1000 [ <110 1--=nn  comooamees —eee- e [P I . 127.27 ! :
None Roum | 146 143 132 132,5]| 13.& (1.5 13.0]1.5 136 144 129 145 0.88 1.01
} 0,93 .02
None . FER R [P U (e 144,50 00 M RAe 0 L B
650 0 | 1000 |Room|141.5 148.3 1128 135.2] 9.051.5 9,38 1.5 1129.5 151 0.92 1.02
650 25 | 1000 |[Rovom|143.5 147 132.2 133.5 8.7 (1.5 11.5]1.5 131 144.8) 0.91 1.02
650 25 | 1000 |Room|-=----  —me-ofocooo —-oo- e [ I 154 : - !
None 350 |118.3 120.5| 100.8 99.7 9.4 (1.5 |[11.7]1.5 [127.4 122
None 350 |ccmen mmmoo bl oos U DR [P R 1285 1-08 1.0
None 550 | 109 106 85.3 85.9 T.711.5 8.711.5 |113.5 117.6 } 1.04 111
None 550 | cwmem meme o emees Rl EE T e T I TP 118.2
650 25 11000 550 109 107.5 86.8 30 8.38/1.5 5.0 1.5 113 109 } 1,04 1. 06
650 | 25 1000 | 550 i-=eon  eomem | cememaeoa- SR N S O 119
None B00 93,2 95,6 79.7 73.5] 12.8:1.5 13.2‘ 1.5 100 112.5
None 800 m---m cmm e aooe- e [ 114 bros
Solution treated + Aged 6 hrs, at 900°F
None ! S110 | 206 206 | 179.5 181 1.7]1.5 | 3.3 1.5 ] 90 90 T
H | | . 4
None : [ B N o e e I e ! e e I ERE I ST T 87.5} 0. 44 0.43
650 0 | 1000 -110.205 213 170.5 182 4.0:i1.5 3.0, 1.5 39 52 0.19 0.24
650 25 | 1000 -110: 190 202 183 180.5 2.0 1.5 2.311.5 42,3 49 } 0,22 0.27
630 25 1 1000 | =110 ---=-  comoofeoean oo | IS o [ 61 - .
Nonef Room| 171 176.5| 143.5 153 4.4 1.5 5.4 1.5 93.4 93.4
None T U N T 94.5|} 0-55 0.53
‘bSO 0 | 1000 {Room|177.5 184 146, 5 154 4.7 1.5 6.4(1.5 58 61.3 0,33 0.33 |
{650 25 | 1000 {Room|172.8 176.5 | 145.5 153.5 3.0°1.5 2.3 1.5 65. 4 79.9} 0.38 0. 45
1650 | 25 | 1000 ‘Room' ----=  cocoo| oo seoe- RPN R IR 77.8 :
iNone 350 | 158 150 118.5 118.5 6.2:1.5 6.201.5 [116.5 114 } 0.75 0. 76
None 350 | 151 ----- 115.5 ----- 6.0 1,5 |----|--- f-ren- 115 i = !
None 650 | 148.5 134 102 94,2 6.0 1.5 6.5 1.5 131 131,56
G f
None (Y. S E N R JRORE O Ry R 11g |1 ©0.88 0.93 j
650 25 | 1000 550 145 142 93 100 5.4 1.5 5.4| 1.5 112.5 122,54 :
650 | 25 | 1000 | 650 ceees emmoo| ameo- FRUCIE O R IO 125,517 0-78 0.8
None 800 | 110.5 113.6 83 86.1 9.0; 1.5 9.4 1.5 l129.5 131.5
None BOO | <coon e | ceemn e (R R (R R . 128,50 117 114
|
1
i
Comments: ":Condilions of exposure, if ony, between hea! treatment and testing. 5029 offset yield strength unless otherwise specified
. Gage length was 2 inches unless otherwise specified. dy = {ongitudinal orientation T = transverse orientation

Specimen 1.00 in. wide notched 0.05 in. deep, then fatigued to 0,70 in. between the roots of the edge cracks.
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AISI 301 STAINLESS STEEL

INDEX OF MATERIALS

Data Heat
Sheet Organization Reporting Data Alloy Producer Number
1 Syracuse University Research Institute American Steel & Wire  3V0065
2 Lockheed Aircraft Corp., Calif. Co. Crucible Steel Company 122594
Composition, percent
Data
Sheet C Mn P S Si Ni Cr Fe

0. 06 1.34 0. 029 0.013 0.56 7.31 17.72 Bal
0.10 1.23 0.038 0.024 0.52 7.17 17.62 Bal
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Alloy Designation: AISI 301 Stainless Steel

Heat Treatment. ___As noted below

Contributor:

Syracuse University Research Institute .

SHORT-TIME TENSILE PROPERTIES

Sheat Thickness. inches __

Data Sheet No: _ 1
0,025

Prior exposure® - Unnotched (smoath) specimans Sharp edge notchas € Edge Cracked Specimens
es - o e J— —— . A,
Temp.| Tensile strength, Yield s'vong'h,b Elong®| GL., |Elong.| G.L., | Tensile strength, Strength ratio, | Tensile Str.(C), Strength
Temp/Stress| Time, | °F ksi ksi % J in. % in. ksi N/S ksi Ratio, C/S
Sf ksi hr. d
L L Tt T L 1 L T Tl 11t T
Cold reduced 34%
None -110 |211.5 127.07 21,2 1.5 {20.1}1.5 |183.0 164.5
None -110 j211.0  ----=-]1535.5  ----- 21.0 1.8 B R TR 164.0) 0.87 0. 77
650 0 11000 -110 [---=- 179.5| ---- |----| 9.4}1. 210.0 178.0 --.- 0.99
650 40 | 1000 -1101234.0 187.7] 23,2 |1.5 9.7¢t1. 220.0 187.4
650 | 40 1000 |-110----- e [N (FORPS ORI R 190,0) 0.94  1.00
None Room|173.4 143.7)20.4 (1.5 {13,9]1.5 |187.4 167.5
None Roora}166.5  =----|-=---  =----- 23.2'1.5 j-=ee|--- |- 164.0 } 1.08 0.91} 194.5 172,0] 1.13 0.94
None Room |177.8  =----|161,0  ----- 21,2 1.5 femmn|mmm femeee mee-
650 0 | 1000 |[Room|218.0 . 177.0| 13,0 1.5 8.7/1.5 |206.0 188.0 0.95 0.96
650 40 | 1000 |Room|[204.0 201.0 | 184.0 171.0 9.0 1.5 7.6(1.5 |209.0 190.0) 1.02 0.94
650 | 40 | 1000 |Room|--ce-  mmmos | cmeme eem-- RN I DU S 187.0 : '
None 350 1166.5 171.0 1 151.5 149.0 2.4(1.5 3.4 1.5 |172.86 146.0 |y 1.04 0.81
None ! 350 leoeoo ool eeeee eimes B B e e 130.0]" " .
None 650 1153.0 152,5|132.5  —-a-- 3.0|1.5 3.311.5 [137.5 102,94, 0.90
None 650 |eozus 158,5 | ----- 128, 5] coom (oo- | 2.6(1.5 {--en- 0.5 % 0.69
650 40 | 1000 | 650 !163.6 169.2 | 149.0 140.0 3,1:1.5 3,115 {126.0 96,2 |y 0.77 0.59
650 40 | 1000 | 650 §----- e e e N T 102.0/ '
|
None 800 :134.5 142,0 | 121.5 117.0 3.3 1.5 3.0(1.5 |117.5 108.0 |,
None 800 f----- J e S e a8.0 | 0.88 0.73
H
Cold reduced 51%
None -110]223.5 238,0%215.0 196.5] 18.0 1.5 |11.4[1.5 [237.0 176.04, 1.06 0.73
None T e e [ 7o :
650 0} 1000 -110}280.0 278.01245.5 246.5( 10.0|1.5 6.4;1.5 [240.0 150.0 0.86 0.54
650 40 ; 1000 -110|260.0 275.0{253.5 251.0] 6.4]1.5 5.7:1.5 |237.0 153.04, 0.91 0.55
650 40 11000 | -110|-n=-x  ee-om|-smm- aooo RN R P R [P 147,50 °° .
i i
None i Room| 216.0 214.0|211.5 194.0 2.3 1.5 3.6(1.5 [214.5 163,04,
Nome PN DR Bt It D Tt A R 3ol 0-99 0.741 207 165.1] 0.96  0.77
650 0 | 1000 |[Room| 265.0 267.0| 245.5 244.0 2.3'1.5 1.711.5 1229.0 165.5 0.86 0.62
650 40 | 1000 Room\Zb0.0 266.0| 254.0 246.5 1.5 1.5 --- |221.0 146,01, 0.85 0.60
650 | 40 | 1000 [Room ---~-  --eee|emee-  mmmen R U 170.5) °° :
None 350 | 208.0 210.5 | 188.5 187.5 2.0:1.5 2.4(1.5 152.0 128.5 0.73 0.61
None 350 |cmcee emne- J RO RN (U P R 129.0 :
None 650 | 191.0 204.0 | 167.0 178.0 2.6|1.5 2.411.5 |123.0 103.0,
None 650 | cemon  meeeo | aceenemens PR O (PUPUPIO S [ 95.6| 064 0.49 ;
650 40 | 1000 650 1219.0 225.01201.5 208.5 1.7 (1.5 1.7 1.5 [ 103.0 75.7 ' 0.47 0.34 H
650 40 | 1000 | 650 [ ----c  ammeefm---- ----- R LR T R 78.2 : ’
None 800 | 165.0 173.01153.8 145.2 2.6 1.5 2.3|1.5 [121.1 104.2
None BOO |-cooe  cmemelmoee e e B 14 0| 73 0.60
Cold reduced 60%
None ! -110{231.0 240.0( 206.0 205.5{ 10.7|1.5 4.5(1.5 {226.5 184.5 232.0 167.51)
. . 70]
None U R JRUR IS (PR [ [ 173,58 098 0755507 167.0] 1.00 0
650 0 | 1000 -110| 284.0 288.0} 276.0 270.0 4.7|1.5 4.0 1. 260.0 177.0 0.94 0.61
650 40 | 1000 -110{278.0 290.0: 276.3 280.0 3.0|1.5 1.3 1. 248.5 135.0 } 0.90 0.46
650 40 | 1000 | -110| ====-  ----- L e e B 134.2 : :
None Room| 223.5 222.01222.5 210.0 2.411.5 2.7{1.5 |206.5 167.2 5
None oS DO i R TRt B e l4g 2| 0-92 0.71]206.2 159.2| 0.92  0.72
650 0| 1000 |[Room| 258.0 281.0|251.0 264.0 2,0:1.5 1.741.5 |235.0 158.0 0.91 0.53
650 40 | 1000 |Room| 269.0 269.0| 267.5 259.5 1.7]1.5 1.3]1.5 |218.0 153.0 } 0.81 0.53
650 40 | 1000 {Room| <----  a----]ee--n m-o- P EE s IR I 132.0 : *
None 350 | 213.5 225.01207.5 203.5 2.4]1.5 2.0{1.5 |159.0 121.5
. .52
None Y, R e R O [ N e 11a.0|} 075 0.5
None 650 | 194.5 190.0 | 180.0 175.5 2,6(1.5 1.4/ 1.5 | 128.5 106.2) 0.66 0.53
None| 650 | ----- 208.5) ----- 181.0f --~-|--- 3.0/ 1.5 |----- 106.0 : :
650 40 | 1000 | 650 | 216.0 - -- 1.3|1.5 1.0/ 1.5 |122.0 97.5
650 | 40| 1000 | 650 | <---=  cmees]ammee —-ens OO U N [ . g0.5[ 057 0.4
None| 800 183.8 166.7 160.0 3.311.5 3.0/ 1. 135.0 62.4 H
None 800 183.8) «----  ---a- R e 3.0 1. - 93.1 0.77 0.48 {
None, 800 | --ee- meee mmmee mme-m —me | e [ 109.5 !
|
f
Comments: ‘:Condiﬁons of exposure, if any, between heat freatment and testing. bg 2% offset yield strength unless otherwise specified
eGugc length wos 2 inches unless otherwise specified. dL = longitudinal orientation T = transverse orientation

_ Specimen 1,00 in. wide notched 0.05 in. deep, then faligued to 0.70 in, _between the roots of the edge cracks
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INDEX OF MATERIALS

Data Heat
Sheet Organization Reporting Data Alloy Producer Number
1 Lewis Research Center, NASA Allegheny Ludlum  W23327-1
2 Materials Research Laboratory, Inc. " " w23327-1
3 The University of Michigan (ASD) " " 89746
4 The University of Michigan (NASA) " " 23327
5 Joliet Metallurgical Laboratories, Inc, " " 45790
6 North American Aviation, Inc. ----- -
7 Douglas Aircraft Company  ----- 89329
8 &9 Boeing Company, Transport Div, Allegheny Ludlum ----
10 Lockheed Aircraft Corporation, Calif. Co. Allegheny Ludlum 69762
Wallingford 79289
Composition, percent
Data
Sheet C Mn P S Si Cr Ni Mo N Fe
1,2,3 0.084 0.65 0.009 0.007 0.21 16.50 4.29 2.94 0.10 Bal
4 0.086 0.80 0.018 0.014 0.42 16.83 4.25 2.90 0.083 Bal
5 0.10 0.76 0.018 0.016 0.21 16.51 4.30 2.73 0.091 Bal
(69762) 10 0.10 0.92 0.024 0.011 0.26 16.87 4.50 2.82 0.10 Bal
(79289) 10 0.089 0.84 0,020 0,020 0.42 16,37 4.30 2.60 0.083 Bal
8,9 0.095 0.85 0.024 0.0l14 0.30 16.98 4.33 2.80 0.09 Bal
87
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Alloy Designation:

Contributor: ___

. _NASA Lewis Research

Data Sheet No.: _1__

Heat Treatment ____As n e _ _ - _ aoct Thi::;\;ss. inches 0.025 _
o SHORT-TIME TENSILE PROPERTIES
,FPnor exposure® - Unnotched (smooth) specimens Sharp edgs notches
| est - . B - . . ]
- —1--—— —{Temp.| Tensile strength, Yield strength B |Elong® G.L. |Elong.| G.L, | Tensile strength, | Strength ratio,
Temp.Stress| Time, F st si a in. A in. ksi N/S
" ksi he. d
¢ ¥ ' L T T L T L T 1 T T
0% Cold Ralled  + 950°F, % hrs,
None -110|245.7 250.7] 167.3 167.0] 17.5 17.5 195.5 189, 3
None R Y1) [ ceee eeeen R . 195.6 188.9 }o.g0  0.75
650 | 40| 1000| -110|257.7 258.5| 173.7 178.4] 12.5 18 195.5 T2 0 e .12
6550 ] 40 1 1000 110 - eemoo| coooo eaa-- - 198.3 186.6]7 ° .
No Room| 198. 8 205.8/ 168, 0 167.7] 19 17 195.0 191.50y 4 98 0.93
None: t Room| -=-=-  cccee| mmmee aaoo- [ [ 193.9 190. 4
£50 | 40 .  1000|Room!203.3 210.0| 172.9 175.0] 17.5 18 195.0 189.3 .
650 | 401 1000|Roomy ——---  cmeen|ommme—eon - - 1961 188, 2| 096 0.9
H R
{ None 650 | 150.5 158.8 130.9 139.2] 5.5 2.5 141.7 144, 6
0. .
{None 650 | mmmes emmen| mmeeeaeoen - - 151,7 132.8 bo.97  0.87
i650 | 40| 1000| 650 |161.5 166.3] 143.2 145.3| 6.5 6 134.4 13431 0 ae o082
650 | 40| 1000 650 | -----  —-o-- e el - 150, 3 139,21} O
20% Cold Rolled + H25°F, } hrs,
T
None -110|277.1 202.1] 22 22 229.4 216.4|, .
Nonel 110 - i . 230.2 210,37 0-88 0.7
650 | 40| 1000{ -110| 265.2 192.7| 20.5 22 216.9 206.7
650 | 40| 1000] -110} ---en ool ol 224.0 203.9|) 0-83  0.77
None ‘Room 223.7 218,60 179.4 171.1] 24.5 24.5 218.0 203, 4
None Room ==zzs  eeecoleoooooooo- . - 214. 4 203,09/ 0-97  0.94
650 | 40| 1000{Room’ 224.0 218.3° 190,0 180. 2] 25 25 217.8 205.010 0 o0 504
450 401 1000Roomi| ~~=n-  mmmmehomeee oo - - 217.2 z05.0]7 V71 :
Nore i 050 | 162.2 172.91 141.2 145.8] 8 6.5 155. 6 147.8
i . . . . . b o 94 ]
None ; (1515 T RSP DE i __________ e o 149.7 137.8)° 0.9 0.83
. | > -
650 | 40 1000 650 | 168.8 172.9] 143.2 148.4] 8.5 7 155.4 8.0y oy g gy
550 | 401 1000 650 | -----  —--a- Lomes e - 157.8 142.7
10% Cold Rolled « 950°F, 3 hrs,
T T
None; -110]249.5 253.8' 211.3 210.4| 17 16 242.2 2217.2 _
Nonel C110| cmmme e Poeeee oees R . 242.2 223.9 } 097 0.89
650 ' 40! 1000l -110] 262.3 264.6] 229.2 218.8) 17.5 14.5 253, 1 216.613 0 oo o)
650 | 40 1000] -110] --=--  ----- L mmeee . - 247.7 209,47 7 .
None! : Rouom 208.7 202,1| 16.5 13.5 229. 4 217.9 } 1,09 1.01
None| ‘ Room| -=-=-  —--eei weenn aooon - - 227.2 218.9 : .
650 | 40| 1000[Rooml 225.6 212,5| 14 14 241.1 215501 | 06 gz
050 40‘ 1000|Room; ----- ~=--- —---o oeo-- ---- - 237.6 207.2 ' :
i |
None, 650 | 181.4 144, 2 133.7
None i 650 1 ----- 150.8 133.3 bo.81 0.69
550 | 401 1000| 650 | 189.8 141.9 122.1
: . 0.64
550 | 40 1000/ 650 | ~---- 152, 8 128.3 1o.78
30% Cold Rolled + B825°F, 3 hrs,
None] ~110] 279.0 280.4 | 250.5 250.1| 21 21.5, 272.2 237.2
None e P 270.8 238.1 to.97  0.85
650 | 40 . 1000} -110; 276.1 280.0| 253.3 246. 4| 21 20 275.1 2304110 00 goa2
550 400 1000 -110} ----r  cmmeo | ammee amees [ 273.9 230.4)° " :
None| Room| 245.0 243,81 239,0 221.9| 20 15 252.8 230,704 o ooas
None| Room| =-=---  scmccl om-on eeans - .- 260,2 228.61° N
650 | 40| 1000/Room| 250.7 246.7] 241.2 227.1] 23 19 257.1 226501, 00 g g
650 | 40| 1000Room| === em-o-loaooooeoon . 258.1 228.7] 7 :
None| 650 | 211.4 218.6| 184.4 175.2] 5 4.5 165.7 145.2
None 650 | ~----  memmefemooo e - 154, 7 141.7 Jo.76 0.6t
650 | 40| 1000 650 | 207.1 216.7] 183.7 190. 1) 5 4.5 158.2 183,001 0 e 470
650 | 40| 1000 650 | -e---  ammoof coeea oo - - 152.5 149,707 .
30% Cold Rolled + 700°F, 3 hrs,
None| -110] 271.3 272.5] 256.3 246.9] 24 | 21 | 267.4 215114 0y ooge :
None| | R ---.1 278.7 232,017 " :
550 | 40| 1000| -110| 276.3 278.8| 270.1 256.3 23 22 269.6 22006\ 10 05 o.80
650 | 40| 1000| -110| ---=-  aeeee| —e--e oo - - 272.1 226,00 "7 .
| Nona Room| 242.5 246.7] 240.6 228.4 9 9 260.7 233100 0 g
Nond Room| -=---  -—=---f =---- ----- - -—-- 256.7 229, 4 : ‘
650 | 40| 1000|Room| 252.4 251.3] 247.4 210.4 11 9 248.6 2265010 00 489 :
650 | 40| 1000|Reom| -----  aoeoif aiioo il [ R 253.3 219.9] 7" .
Nond 650 | 211.4 220.8| 183.3 3 3 155.3 128.0
Nong Y1, 3] [ . .- 146.0 133.0 }o.71 0.59
650 | 40| 1oed 650 | 211.5 220.8] 192.7 6 [ 156. 4 13€.9
050 | 40] 1000 650 | ---v0 oo - cemed oo - 165. 1 117.9 to.76 0.58

“Goge length was 2 inches unless otherwise specified.

a6

d b0.2% offset yield strength unless otherwise specified.
L = longitudinal orientation T = transverse orientation
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MD.ata Sheet No,

1, Concluded

SHORT-TIME TENSILE PROPERTIES

e R il L — e — -
Prior exposure® Unnotched {smaoth) specimens Sharp edge notches
Test ——- R e = — 1 - o - - s - = —
e ep——-—ATemp. | Tensile strength, Yield s'reng!h,b Elong®| Gl. [Elong.| G.L.. | Tensile strength, Strength ratio,
Temp.|Stress| Time, 'F ksi ksi A j in. %o in. ksi N/S
i hi d -
Pyl o L Tt T L T L Tt T Tl T
45% Cold Rolled +  825°F, 3 hrs,
i T
None ~110}305.8 302.9 | 287.6 288.5 7 17 301.1 233, 0 } 1,00 0.77
None BT S . 307.8 233.3 : :
650 40 | 1000 ~-110}294.4 297.71292.8 284.5( 10 13.5 298.9 213,23 } 1,03 0.72
1050 | 40| 1000 | 110 [sooeseieonmoseoes R 306. 1 213.3 : -
I
tNone Room|280.0 280,0(274,2 274,17 (e) 3.5 287.2 238.3
. 0.98 0,82
None Room|----- B P B | ---- 262.2 221.7 }
650 40 ' 1000 |Room|279.2 274.3 | 274.2 258.2 7 7 278.8 26.0 } 1,01 0.84
650 | 40 11000 |Room|--cer  cemes|mmeee aee-- 2835 235.8 : :
Nune 650 208.3 4 4 154. 4 150,01,
Rt 0.
Nonc 650 |camoemmme | emmee aooa- 157.3 149, 4! 0 bl
650 40 | 1000 &50 209.3 4 4 140.9 136.7! N N
Q.57 W C
650 | 40 | 1000 | 650 |---es  cmeesbocooooooos — ---- 133.3 }.’.T.Sl) 7054
i i
——— R - P ~ —

Alloy Designation: AM3sQ
Heol Treatment:

: 9Conditions o

f exposure, if any, between heat treatment ond tesling

zGug- length wos 2 inches unless otherwise specified

Broke outside gauge marks

As noted below

Contributor: _

Materials Research Laboratory,

bg 2% offset yield strength unless otherwise specitied.

dp = longitudinal orientation T = transverse orientotion

Inc.

Data Sheet No.: 2
25

Sheet Thickness, inches __ 0.025

SHORT-TIME TENSILE PROPERTIES AFTER SALT EXPOSURES®

_ Exposed with a solid coating of natural sea salt,

Prior exposure® Test Unnotched (smooth) specimens Sharp edge notches
es — e - - - - -
Temp.| Tensile strength, Yield strength.b | €long” G L., [Elong.| GL.. | Tensile strength, | Strength ratio,
Temp,Stress| Time, | °F si ksi % |in % in. ksi
i ; d
R L i o T ar T
- S UV SRS LS S _
20% Cold Rolled + 950°F, 3 hrs,
T
650 40 | 1000 -110 219.0 187.2
650 40 | 1000 -110 197.8 186. 6
650 60 | 1000 -110 195.2 181.2
450 | 40 | 1000 |Room 187.9 198.0
650 40 | 1000 {Room 188.0 181.0
650 60 £ 1000 |Room 223.0 191.5
650 40 | 1000 650 166.0 162, 0
650 40 | 1000 | 650 152.9 133.2
650 L 60 | 1000 650 | 151.8 130.3
20% Cold Rolled + #25°F 3 hry,
%50 | 401000 [-110 ! 2240 197.2
650 ; 40 | 1000 -110 219.5 206.0
550 | &0 | 1000 | -110 223.0 209.9
650 40 | 1000 |Room 212.9 204. 4
650 40 | 1000 |Room 212.0 205.0
650 60 | 1000 |Room 215.0 201.0Q
650 40 | 1000 650 P 160.0 152.0
550 40 [ 1000 650 i 172.9 148. 8
650 60 | 1000 650 i 166, 1 143.3
45% Cold Rolled + 950°F, 3 hrs,
650 40 | 1000 -110 302 2z2z2.0
650 40 | 1000 [Room 251.4 228.7
650 40 | 1000 | 650 161.6 124.9
45% Cold Rolled + 825°F, 3 hrs,
650 | 40 | 1000 | -110. [ 295 212
j I
650 40 | 1000 |Room i 281.6 221,0
650 40 | 1000 | 650 1 ! 146.3 129.2
| |
Comments: 9 Conditions of exposure, if any, between heat treatment and testing. bO_?% offset yield strength unless otherwise specified.
zGugo length was 2 inches unless otherwise specified. dy =y gitudinal orie i = se ori i

9
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Alloy Designation:
Heat Treaiment:

AM-350
As noted below

Contributor:

The University of Michigan (ASD sponsored)

SHORT-TIME TENSILE PROPERTIES

Shest Thickness, inches

Data Sheet No. 3

025

. e
Prior exposure® Tou Unnotched (smaoth) specimens Sharp edge notches Edge notches, Kt = 3
es — - — -
—{Temp.| Tensile strangth, Yield strength.b | Elongf| G L., Elong.] G.., | Tensile strangth, | Strength ratio, | Tensile strength| Strength
Temp |Stress| Time, | 7F ksi ksi % in. %% ‘ in. ksi ksi ratio, N/S
° d
ol i) br L Tt T L T L 1|1 T L T
1710°F, 5-10 min,, AC + -100°F, 3 hrs, 4+ B50°F, 3 hrs,, AC (SCT Condition)
None Room| 214.9 185. 3 - 216.0 - 241,35
None Room| 213.1 178.0 . 208.3 R } 0.99  een| cmeo- }1,13 .
None Room| 214,0  ----- 176.0 P B P RS
550 67 | 2000 |[Room| =----=-  ---=-|----- e R ----] 238.8 iz ee-
550 67 | 2236 [Room| 212.0  ~---- 179.0 e | e emee- ——— ----1237.5 - N
550 | 67 | 5000 |Room| 216.0  ----- 176.0 T . - 2385 110 —o--
700 | 67| 200 {Room| =---s  cmeeeloccoe cemes - 208.8  ---e- [ PO I
None 550 193.6  ----- 135.0 5 ---- 159.3  -ee-- 210.0 -
.82 ---- .
None 550 | 194.4  ----- 141.0 6.5 - 159.0  ----- bo.s2 -4 T L J1.08
550 0 {2236 550 199.5 a---- 142,00 ----- 7.5 [ L PR [ .
550 67 {2000 550 195.9 150.0 8.5 ——- 159,22  -----|y oo ] ---=-
550 | 67 [2236 |550 | 199.0 147.5 7.5 J Jo.8r ool HLod oooe
550 | 67 |5000 |[550 | 193.5  ----- 145.0 4.5 B oo -] 208.0 1,07 ---ii
600 67 | 2000 550 198.5 145.5 5.5 [ B L T Jp—— R P
650 67 200 550 195.8 140.0 6 [ R . —am
700 67 20 550 200.3 146.0 5.5 R L E—— [P
700 67 200 550 201.2 ----- 151.5 6 | 163.0 ---- 0.81 e [ —
Cold rolled 20% + B850°F, 3 hrs,
None Room| 218.5  ----- 185.5  ----- 28 e 214.0 ----] 225.5 -
None Room| 217.0  ----- 191.0 ----- 16.5 . J— 215.1 T 1.03  ----
None Room|{ 224.2  ----- 182.0 ----- 23.5 e I O
550 40 ! 2000 |[Room| 212.5  ----- 178. 0 ~---- 2 U N (P B (R Tt BT P
550 67 12000 |Room| ==-=n  emc--|-=-cc  e-a-- P 212.0 - e
550 | 67 i5000 |Room| 222.2 I Y S S (PR e IO S
550 90 i 2000 [Room| 221.4 16,5  fe---t  Jeeees e---- - R ———-
550 150 {2000 JRoom| 221.1  -----](20B.0)  ----- 19.5] {e-e--]  |-----  -e--- JEp— e e e
700 | 67 | 200 |Room!| --wecemeonfoeooe o ooee - - 209.8  e--e- [ I, e e
None 550 169.0  ----- 153.0 ----- 4 —m-- 172.1  ----- 185.0
None 550 | 168.8  ----- 153.5  —eme- 4.5 - 166.8  ---e- broe -y 0000 110 oo
550 | 67 | 2000 |550 | 163.5  <---- 141.0  ----- 2 e 160.0  ----- 0.98 ----|178.2 RS
550 | 67 | 5000 |550 | 168.6  --=-- ST B—— 2 . 176.5  ----- 1,01 ----|181.8 e
600 67 | 2000 550 172,00 ----~ 153,0 ----- 5 B I BT Jp— T i,
650 67 200 550 170.8  ----- 154.0  ----- 4 P R . e, PR,
700 67 20 | 550 170.7 145.0  ----- 4 J e R [ R
tOO 67 200 550 188.0  ----- 152.5  ----- 4.Si -—-- 151.0f oo R [ R
i !
Comments: @ Conditions of exposure, if any, between heot treatment and testing. b0 29, offset yield strength unless otherwise specified.
€Gage length was 2 inches unless otherwise specified. dp = itudinal ari i T=t ( b

»e Sharp edge notches added after exposures.

Alioy Designaii

AM350

__f - Specimen shoulder tore; no fracture at the notch,

Heat Treotment:

Contributor:
3hr

23% Cold rolled + 85Q°F

The University of Michigan {NASA sponsored)

SHORT-TIME TENSILE PROPERTIES

Sheet Thick

Data Sheet No. 4
inches 2

0,025

Prior exposure® fost Unnotched [smoath] specimens Sharp edge notches
es
Temp.| Tensile strength, Yield s!rlng'h,b Elong®| GL., |Hong.i GL, | Tensile strength, | Strength ratio,

Temp.|Stress| Time, | °F si ksi A in. % in. lsi

“F ksi h d

L L Tt 1 L T L Tt Tt L T

None -110 252 250 214 194 26 21 1. 75} 236 215 0.94 0. 84
None Room| 199 205 164 174 23 20 1.75{ 217 204 1.09 1.04
650 40| 1000 {Room| 199 207 188 176 22 17 75| 216 201 1.08 0. 97
None| 650 174 176 148 141 6 4.3] 1.75}] 162 156 0.93 0, 849
650 40| 1000 650 171 178 I51 144 6 3,50 1,75] 166 152 0,97 0, 85{
None 800 160 169 130 126 8.0 6.0] 1,75 154 141 0.96 0. 84

Comments: @Conditions of exposure, it any, between heat treatment and testing.
€Goage length was 2 inches unless otherwise specified.

98

di = longitudinal orientation T = fransverse orientation

bp 2% offset yield strength unless otherwise specified.
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Alloy Designation: AM350 Contributor: Joliet Metallurgical Laboratories, Inc. Data Sheet No.: _5
Heot Treatment: 1950°F mill anneal + 15 rmin. at 1710°F, AC + 3 hra. at -100°F + 3 hrs.at 850°F Shaet Thickness. inches __._ 0. 063
(SCT Condition)

SHORT-TIME TENSILE PROPERTIES

Prior exposure® reu Unnotched {smooth} specimens Sharp edge notchas
es —
Temp.| Tensile strength, Yield strength.b | Elong®| G.L. Elong,] G.l., | Tensile strength, | Strength ratio,
Temp.Stress| Time, | °F ksi ksi %o in. % 'L in. kesi N/S
°F ksi hr. d
L T L T L T L Tt T L Tt
None Room | 210.2 181.8 9.8
650 180 [ 1220 jRoom| 245.5 245 2.5
650 184 669 [Room | 243 242 1.5
650 184 816 |Room | 242 240 2.5
650 185 | 1488 [Room| 246.5 246 1.5
650 186 | 1320 [Room| 249 248.5 2.5
800 130 550 |Room| 232 228.5 4.0
800 140 694 |Room| 234.5 233.5 4.0
800 150 296 |Room| 234.5 234 2.5
800 160 |222.6 |[Room| 240 238.5 2.0
None 800 185.1 115.7 7.5 .
Nene 800 185.2 119.2 8.5 i
None 800 181.7 121.9 7.0
Comments: ®Conditions of exposure, if any, between heat treatment and testing. bO,?Z offset yield strength unless otherwise specified
¢Gage length was 2 inches untess otherwise specified. dL = longitudinal orientation T = transverse orientation
Alloy Designation: AM350 M Alloy Contributor: North American Aviation, Inc. Data Sheet No.. _6
Heat Treatment: Brazed at 1900°F and cooled to raom temperature + heat to 1700°F_and cool to -100°F Sheet Thickness, inches _0.040
+ age at 850°F for 3 hours and air cool. a
SHORT-TIME TENSILE PROPERTIES
Prior exposure? Tew U hed (smooth) speci Sharp edge natches
Temp.| Tensile strength, Yield strength,b [Elong®| G.L., |Elong.| G.L., | Tensile strength, ’ Strength ratio,
Temp/|Siress| Time, | °F i ksi % in. Ta in. ksi
°F ksi he.
o ‘ L Tt T Tt
]
!
None Room 203 165.0 13.1¢
None Room 201 170.0 13.0]1
None Reom 207 167.0 12.5
Comments: @ Conditions of exposure, if ony, between heat treatment and testing. h[J,’I?{, offset yield strength unless otherwise specilied

éGouo fength was 2 inches unless otherwise specified.
Test direction not stated

STRESS-CORROSION TESTS

Cantilever beam tests at 650°F in circulating air furnace.
Salt coated by dipping in hot concentrated 6 parts NaCl + | part MgCl, and drying.

Smooth and Notched Specimens Tested - 60°V-notches, 0.010-inch deep with 0.005-inch root radius, machined across flat surface

at point of maximum stress and at a point of very low stress.

Maximum Stresses Fracture
Smooth Notched Time
Test Condition {ksi) (ksi) {hours) Surface Condition at 4700 Hours
Bare Surface - continuously exposed 58.3, 59,0, 59.1 160.3, 159.4 a Slight bluing
Salt Coated - continuously exposed(b) 55.9, 55.0, 58.1 152.8, 148.4 a Gold to brown color - rust spots
on 20 to 50% of surface
Braze Coated - continuously exposed 49.9, 51.1, 51.0 136.7, 129.3 a Slight darkening
Braze + Salt Coated - continuously exposed 51.6, 50.8, 52.1 129.5, 136.0 a No comment
Salt Coated - 2 weeks at 650°F + 2 weeks 57.1 mmmemme—e-e- 3360 Surface heavily rusted and two
in humidity cabinet at 100°F intermit- 57.2 meemeee-a--- 3290 specimens had cracks other
tently 57.0  emeesseee--- 3290 than failure
56.3  meeeemeeoao- 2880

{a) Unbroken at 4700 hours
(b) Salt coating appeared spotty at 4700 hours
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Altoy Designation:
Heot Treatment:

AM350
SCT B50°F

Contributor:Douglas Aircraft Company,

Inc,, Aircraft Division

TEAR-TEST DATA

{All in the transverae direction)

Shaet Thickness, inches .

Data Sheet No.. 7

Initial Length Gross Ratio: Average

Width of Thickness Gross of Notch Failure |Failure | Average Gross Gross Failure

Panel of Panel Area Plus Crack Net Area Load Streas Failure Stress Stress - Ultimate Ratic: Initial Crack
{inches) (inches}) (sq. in.} {inches) {sq, in.) {pounds) (psi) {psei) Tensile Strength Length - Panel Width

8.00 0. 0655 0.524 2.450 0.3635 41,0060 | 78,200

8.00 0. 0650 0.520 2.450 0.3608 42,000 | 80,800 81, 00cC 0,37 0. 31

8.00 0. 0655 0.524 2.450 0.3635 44,000 | 84,000

8,00 0.0655 0.524 2.450 0.3635 41,500 | 79, 200

8.00 0. 0650 0.520 2.450 0. 3608 43,000 | 82,700 80, 400 0. 37 0. 31

8.00 0.0655 0.524 2,450 0,3635 41,500 | 79,200

TENSILE PROPERTIES
Ftu =216, 300 psi ; Fty = 183,100 psi ; E = 10,1 %
Alloy Designati AM350 SCT Cantributor: The Boeing Company, Transport Division Dota ?)hf)'z'oNo': 8

Heat Treatmant: .

SHORT-TIME TENSILE PROPERTIES

Sheet Thickness, inches

1) Notches were at the center
tests was 0, 005-inch wide.

which was 0. 005-inch wide.
2) All G_ values based on E = 30 x 10¢ psi.
3) The a ink = 9GVaa is Irwin's correction factor for axial rigidity of panel.
4) A%G/ At was calculated from slope of load versus time curve.
5) Accuracy of load measurement $10 percent.
6} Specimen length is the distance between grips.

and were B.00 inches long transverse to testing direction.
For all other tests, the notch was 0.030-inch wide except for the last 0.250 inch at each end

. a Unnotched (smooth} specimens Shorp adge notches
Prior exposure Test o R 5 —
Temp | Tensile strength, Yield strength B Elnnq.‘;i:e'a Tensile strength, | Strength ratio,
Temp.|Siress| Time, | F ksi ksi l_i.ﬂ_ ksi N/S
oF s hr. ld - T L T L L Tl it T
None -85 1234.0 232.0f 207.0 206.0| 10.0;23 9.5} --
234,0 230.0| 205.0 205.0 9.5|23 9.5; 18
235.0 230,0] 207.0 205.0] 10.0] 22 8.0} 19
None Room| 217.5 204.4] 189.2 173.2| 12 19.7] 15 25.9
219.1 203.6| 190.3 170.2{ 10 21.7]14 24.1
217.5 203.9| 188.3 171,10 12 22.4 14 23.2 Notes: The teat specimens were cut from
the broken halves of the tear-test
None 300 | 197.0 196.07 161.0 158.0 8 19 8.5| 17 specimens, lested at the same
198.0 197.0| 162.0 158.0 8 18 8 19 temperature as the tensile test,
199.0 197.0} 163.0 161, 0 8.5 17 B.5[ 18
Reduction of area values are very
None 400 | 195.0 195.0} 153.0 154.0] 8 10 7.50 10 approximate,
198.0 195.0{ 155.0 152.0f 8 12 8 il
195.0 195.0] 153.0 156.0 7.5 10 8.5/ 10
None 500 §182.0 185.0| 134.0 142.0 8.5| 14 8 il2
182.0 186.01 139.0 142.0 8.5]13 8.5 13
183.0 184‘0l 141.0 140.0 9 15 9 15
TEAR TEST DATA ON SPECIMENS WITH MACHINED CENTER NCTCHES
Critical Gross Net
Specimen Dimensions Crack Failure | Section | Section | kx 107 | Ae/at] o . e
Tength | width thickness Length Load | Strength | Strempth| T < ns/%u
tin.) | Gin.) | (in.) (in.) {1bs.) (kei) (keiy | Cgvae| o x
None -65 14 L) 24,0 0. 0205 8.00 14,980 30.5 45,75 65.3 1070 445
None -65 14 L| 24.0 | 0.0209 8.00 17,550 35.0 52.5 75.0 750 589
None| Roorh| 39 L| 24.15{ 0.0208 8.00 31,200(5) 62.2 92.8 1330 808 1850
None Roarm)| 39 L| 24.15| 0.0206 8.00 33,450 67.4 100.8 144.0 966 2170
None 300 14 Li 24.0 0.0205 8,00 30,980 63.0 94,5 135.0 955 1905
None 300 14 L| 24,0 0.0208 8.00 35,000 70.0 105. 0 150.0 1000 21350
None 400 14 L} 24,0 |0,0205 B. 00 32,950 67.0 100. 5 143,3 880 [ 2150
None 400 14 L[ 24.0 0. 0205 8.00 35, 300 71.7 107. 5 153.5 960 2470
None 500 14 L| 24.0 0.0205 8.00 30,410 61.7 92.5 132.0 1062 1820
None 500 14 L} 24.0 0.0201 8,00 34, 700 72.0 108. 0 154.0 985 2480
Notes:

Complete notch for room temperature

Comments: ©Conditions of exposure, if any, between heat treatment and testing.
“Gage length was 2 inches unless otherwise specified.

1ol

d =y

b0 29 offset yield str
O e QTSN vie

1=

ength unless otherwise specified.

or
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Alloy Designotion: AM350 CRT Contributor: The Boeing Company, Transport Division o Doto Sheet No.:
Sheet Thickness, inches __0.020

Heat Treatment . e - e ———

SHORT-TIME TENSILE PROPERTIES

Prior exposure® ren Unnotchad {smooth) specimens Sharp edge notches
H S e - - S e e IR S
Temp.| Tensile strength, Yield shong'h,b Elong® iigd Elong ﬁ;gd Tensile strength, | Strength ratio, !
Temp.|Stress| Time, | 'F ksi ksi ° % % % ksi N/s
' ksi : d T
£ ksi| B L T 1 L T L Tt Tt T
None Room| 213.8 218.5| 209. 4 195.2] 26 23 20 23
None Room| 214.4 218.61 209.9 198.0] 23 25 |20 22
None Room| 211.4 220.87 207.8 193.8 7 25 |24 22
None Room; 212.9 218.51200.4 189.5| 20 20,5
None Room| 212.5 217.7| 1971 188.9( 21 20
None Room| 212.5 216,11 198,5 186.6( 21 19.5
None 500 181, 3 181.9 ] 169.8 156.6{ 2.5 2.5
None 500 182.3 183.3| 169.2 157.1 3 2.5
None 500 182.9 179.8| 168.7 157.5 3 3 i
i
|
Notes: The test|specimens were gut from the brokgn halves of the tedr test|specimens
ested |at the same temperature as the tengile tebts.
Reductioh of arca values dre very approximpte.
!
TEAR TEST DATA ON SPECIMENS WITH MACHINED CENTER NOTCHES
T
Critical Gross Net s
B o A
Specimen Dimensions Crack | Failure | Section | Section kx107 | acglat G,
| length [ width [thickness Length Loac Strength Strength (n'G'\“a a) x 107
; (in.) | (in.) {in.) (in.} {Ihs. ) (ksi) {ksi)
Nonre : -65 14L | 24.0 0.0205 8.60 3,970 81.3 1265 182.5 900 3480
None ‘ -65 14L | 24.0 | 0.0206 8.80 43,000 86.0 137.0 196.5 250 4040
5

} Rooum)| 391. 1 23.98] 0,0208 8.50 5[,200(’) 62.6 97.0 139,5 895 2010

! Room 33L. | 24.00] 0.0208 8. 54 37,500 75.2 116.9 168.0 915 2960

|

None i 300 141, | 24.0 0.0205 8.00 28, 450 57.8 86.6 123.7 1020 1600
None | 300 141 | 24.0 0.0208 8.00 30, 300 60,6 90. 9 130.0 ql0 1765
None | 400 141. | 24.0 0.0205 8.00 53.5 80.2 114.3 955 1365
None ‘ 400 141, | 24.0 0.0205 8,00 56.2 84.3 120.0 965 1510
|
Nonc‘ 500 1415 | 24.0 0.0205 8.00 23,040 46,8 70.1 100.0 1000 1040
None 500 141. | 24.0 0.0208 8.00 22,600 45,1 67.6 96,5 910 aTs
f
| |
Nunei ; Room 14T | 24.0 | 0,021 8.00 28,900 57.4 86.0 123.0 885 1585
Nonei : Roomn 147 | 24.0 ] 0,021 8.00 29, 300 58.1 87,1 124.3 950 1620
None: | 500 14T 1 24.0 | 0.0205 8.00 21,300 43.3 65.0 92.5 890 895
None| ‘ 500 14T | 24.0 | 0.0205 8.00 21,100 42.9 66,4 1.8 823 880
R |
Nunc‘l i 500 141. | 24.0 0.0205 8.00 25,400 51.7 7.5 110.5 890 1275
None ! 500 141.] 24.0 | 0.0205 8.00 26, 000 53.0 79.5 113.0 890 1335
i i J
Notus:

1) Notches were at the center and were 8. 00 inches long transverse to testing dircction.  Complete notch for room temperature
tests was 0.005-inch wide., For all other tests, the notck was 0.030-inch wide except for the last 0,250 inch at each enc
which was 0.005- inch wide.

2) All G_ values based on E = 30 x 10° psi.

}) The a ink = 7¢ Naa is Irwin's correction factor for axia. rigidity of panel,

4) A05/At was calculated from slope of load versus time curve.

5) Accuracy of load measurement £10 percent.

4) Specimen length is the distance between grips.

a " .
Comments: @ Conditions of exposure, if any, between heat treatment and testing. b0.2% offset yield strength unless otherwise specified.

< . . -
Gage length was 2 inches unless otherwise specified di = longitudinal orientation T = transverse orientation

pon
<
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Alloy Designation: __AM 350 Contributor: __Lockheed Aircraft Corporation, California Company Doata Sheet No: 10
ow

Heat Tr As noted be Sheet Thick inches
TEAR-TEST DATA
Test Crack Propagation Data Control Coupon Data
Temp, Tesnt Thickness Width Load F Crack Length Fty Feu Elongation
(°F) Direction (in.) (in.) (lbs, ) (k'5 {in,} dw /da (kai) (kai) (%)
AM350 CRT (3 hrs. at 650°F)
-65 T 0.0204 8.99 19200 104.9 1.89 1142
-65 T 0,0204 8.98 12700 69.4 2.92 834
Room T 0.0201 .00 19800 109.7 1.67 1086 184.9 217.5 17
Room T 0.0201 8.99 13700 75.8 2.66 884
600 T 0.0201 8.98 9700 53.7 1,42 262 154, 2 179.4 4.1
600 T 0.0202 9.00 7470 41,1 2,57 298
AM350 CRT (3 hrs, at 850°F)
Room L 0.0190 9.01 22500 131.4 1.83 1790 207 219 19
Room L 0,0190 8.99 16000 93.6 2.91 1560
Room T 0.0190 9.01 17100 99.9 1.82 1028 189 223 16
Room T 0.0190 9.00 11700 68.4 2.90 834
600 L 0,.8190 9.00 11500 67.2 2.03 525 147.9 200.7 3.6
600 L 0.0190 8.99 7910 46.3 2,69 345
600 T 0.0190 9.01 8240 47.9 1.92 250 151,3 201.2 3.2
600 T 0.0190 8.99 6060 35.5 2.75 204
AM350 CRT (3 hra, at 1050°F)
Room T 0. 0206 8.99 15400 83.2 1.86 707 i25.1 209.6 9.5
Room T 0.0207 8.99 15800 84.9 1.67 645
Room T 0.0206 8.99 15200 82.1 1.76 648
Room T 0.0164 9.02 10300 69.6 2,78 787
Room T 0.0169 8.99 9800 64.5 2,70 653
Room T 0.0164 8.99 9900 67.2 2.80 741

102
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AM-355

INDEX OF MATERIALS

Data Heat
Sheet Organization Reporting Data Alloy Producer Number
1 Lewis Research Center, NASA Allegheny Ludlum W23299-5
3 Boeing Company, Transport Div. Allegheny Ludlum = --------
4 Lockheed Aircraft Corp., Calif. Allegheny Ludlum 84137
" " 35781
Composition, percent
Data
Sheet Cr Mn Mo Ni Si Fe C P S N
1 15.22 0.99 2.70 4.29 0.34 Bal 0.128 0.025 0.003 0.082
(84137) 4 15.96 0.74 2.76 4.20 0.33 Bal 0.13 0.021 0.014
(35781) 4 15.41 0.85 2.73 4.24 0.49 Bal 0.13 0.024 0.011
3 15.18 0.79 2.88 4.11 0.23 Bal 0.14 0.022 0.015 0.11
173
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NASA Lewis Research Center

Alloy Designahi AM355 CEVM-CRT Contributor: Dota Sheet No.: !
Heat Treatment: As poted Sheet Thickness, inches 2
SHORT-TIME TENSILE PROPERTIES
Prior exposure® u hed (smooth) Sharp edge notches
Test
Temp.| Tensile strength, Yield s'v.ng!h,b Elong®| G, |Elong.| G.L., | Tensile strength, | Strength ratio,
Temp.|Stress| Time, | °F si ksi 4 in. % in. ksi
° ] hr. d
Folka| b L Tt T L i L Tt T T
Cold rolled 20% + 950°F, 3 hra,
None 650 [=---- 137.0) ---- 1 2.5 132.0f ---- 0.80
650 40 | 1000 650 |----- 137.0 -——-'i 3 139.0 } o---- 0. 75
650 | 40 {1000 | 650 |-----  oeiloicao oo I R N . 120.0 .
Cold rolled 20%
None 650 | ----- 1730 ===~ 141.0| ---- 105.0
None 650 |--m-=  mme | emaen eees - 122.6 boooo 008
650 40 | 1000 650 107.6 ) 0.60
650 40 11000 [ 650 |-----  aoooef---one-o-- - e R 114. 2" 7777 .
Cold rolled 30% + 950°F, 3 hra,
None 650 207.0 179.0 2.5 135.0 ) 0.62
None 650 | 0 eeeee| aea- S 119.7 - .
650 40 | 1000 650 218.0 192.5 2 129.0 ) 0.53
650 | 40 | 1000 |650 |  -----|  -e--- 101.0 T
Cold rolled 30% + 825°F, 3 hras,
None 650 232.0 198.0 3 144,3 } 0.61
None 650 | e---o|  —eeas 139,07 7777 )
650 40 | 1000 650 237,0 207 2 105.3 }o-- 0. 48
650 | 40 | 1000 650 |  a--m-|  o--e- - 122.7 o :
Cold rolled 45% + 950°F, 3 hrs,
None 650 232.0 209.0 2 101.8 ) -- 0.48
None 650 | e----t o —eees - 122.7|7 77 :
650 40 | 1000 650 244.0 224.0 H 2,5 81.4 ———- 0.33
Cold rolled 45% + B825°F, 3 hrs,
None 650 265.0 {e) H 2.5 117.2
None 650 | ememe | eaea . 129.8 }o---- 0,47
650 40 | 1000 650 273.0 234.0 2.5 102.8 } oo 0. 40|
650 40 | 1000 {650 |  em-e- | ea-a- .- 116.0 - .

Comments: ®Conditions of exposure, if any, between heat treatment and testing.

éGuqt length was 2 inches unless otherwise specifisd.
“Extensometer did not function

b0.2% offset yield strength unless otherwise specified.
dy = longitudinal orientation T = transverse orientation
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Alloy Designation: ___ AMI55 CRT

Heat Treotment.

Contributor: _

The Boeing Company, Transport Divisiun

_ SHORT-TIME TENSILE PROPERTIES

R Data Sheet No: >
Sheet Thickness. inches . 0.040

Prior exposure® Teat Unnotched (smooth) specimens Sharp edge notches
est f—-——- - - - ' P v e e S T - -
— - Temp.| Tensile strangth, Yield strangth. b [Elong®| ﬁ:g‘ Elong.»‘};';d:q Tensile strength, | Strength rotio,
Temp.|Siress| Time, | 'F si i % J a, % i kesi
ket | i, d P -
f s L Tt T L 1 L T Tit T
No i 240,8 250.0| 227. 7 198, 5[ 15 20 [ 20 20
Nuoze Room 2379 245.6 | 220,49 19t 6] 21 21 |13 13
Nustier Room 240, 2 246, 21 223. 0 19t 6] 21 I21 |16 13
i
i
None Roum 235.5 241.0 217.0 I 17.5° 12.5
Nuoe Room 230.0 240.0 | 217.0 190, 17 12.5
None Ruoum 231.5 238.01 215.0 13 17 12.5
500 198, 6 204.8 181.0 160,58 2. 3
504) 198, 0 199.01 184.0 175, 0 2.5 3
500 Loa, o 204.31186.5 173.8 3 ; 2.5
Nene 65 | 248.0 255.0 --o- 2000 18 | 17 |17 19
None 65 253.0 253,00 214.0 200 ()k 1o i 6 | 17.5 20
None hs 259.0 260,01 240, 0 17,0t 20 18 | ----
Nuie 300 190, 0 193,07 185.0 172.0 5.5 } 10 3 &
Noune 30y 190,06 Pa5.0 | ----- 173.0 5.51 11 3.5 5
None 300 170, 0 194,04 | 181.0 171.0 8.0l 10 4 6
Nopne 400 182.0 188, 0| 1730 b, 0 4 7 3.5 [ |
iNone 400 184.0 188.0 | 174. 0 167, 0 4 8 4 7 i
Neoned 1400 182.0 188,01 174. 0 167.0 4.5 8 3.5 7
Mone 500 178.0 185.0 | 166.0 160.0; 3.5 4 3 [ i
None 500 | 174.0  184.0|167.0 157.0] 3.5 5| 3.5 & ! !
None 500 1780 184.0 | 165.0 159.0 4 <] 3.5 ] :
Ngres: The tust specimens were cut from the broken hah;cs of the tepr tesf specimens testepd :
at the|same temmperature as the tensile tésts i
i
Reduction of area values fre very approximate |
i
|
TEAR TEST DATA ON SPECIMENS WITH MACHINED CENTER NOTCHES
= —
Prior exposure Test Critical Gross Net Kx10* AT AL
-4Temp., Specimen Dimensions Crack Failure Section Section G G
Temp.Stress{ Time, “F i length |width [thickness Length Load Strength | Strength | {TgNaa) x10°’ ¢
' ksi hr. I {in.) | {in.) {ir.} {in.) (1bs. } {ksi} (ksi)
S U S 1
None Roumi 39 1. 24, 00| 0,020 8.40 32,600 68.0 104.5 150.5 750 2360
Norne Rooml 39L 24.00] 0.020 8. 40 32,600 68.0 104.5 150.5 800 2360
None Room| 14T 24.0 0. 020 8. 060 32,400 67.5 1010 144.5 915 21q0
None Room| 14T 2409 a. 020 8.00 33,900 70.6 106.0 151 900 2390
None 500 14T 24.0 0.020 8.00 17,600 36.6 54.9 78.3 780 L4
Nuone 500 | 147 24.0 0.020 8.00 17,700 36.8 55.2 8. 660 650
1
None 500 ¢ 146 24.0 0.020 8.00 21,600 45 67.5 6.2 760 967
Nonei 500 i 14L 24.0 0.020 8.00 20, 700 43,10 64,6 92.3 880 891
Series of Tests at Room Temperature to Show Effect of Strain Rate on Tear Resistance
(24-inch wide x 39-inch between grips x 0. 020-inch thick specimens tested in longitudinal dircction)
./\pprux: Yield Critical Gross Net ex10°
Time To | Zonc Crack Failure Section Scction * AUG/A‘ G,
Failure | width Length Load | Strength | Strength | (GNaa) x10° <
(seconds)| (in.) |a Factor| {in.) (1bs.) (ksi) (lesi)
Q.20 0.09 1.074 8.2 35,000 73.0 110.0 158.5 365 2630
0.41 0.10 1.080 8.5 37,200 77.5 120.0 173.0 189 3120
1.5 0.13 1.092 3.0 39,200 81.6 130.0 190.0 54.5 3770
1.60 0.14 1.088 8.8 40, 700 84,7 133.0 193.0 53.0 3900
3.55 0.15 1.092 3.0 42,200 88.0 140.0 204.0 24.8 4365
12.4 0.20 1.103 7.4 42,900 89.4 147.0 214.0 9.2 4790
24.0 0.21 1.103 9.4 41,200 85.7 139.0 205.0 3,57 4400
200 0. 36 1. 110 ENL 39, 350 84.0 137.0 204.0 .42 4365%
* Test conducted in static tensile machine
Com’;er'm: °4CrondAiliion; of exposure, if ony, between heat treatment and testing. b0 29 offset yield strength unless otherwise specified.
¢Gage length was 2 inches unless otherwise specified. d|. = longitudinal orientation T = transverse orientation
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Alloy Designalion

iRk . Contributor: __Liockheed Aircraft Cerporation, California Conpany Dato Sheet No- .4

Heat Treatment. _ noterd below . . _ Sheet Thickness, inches . _ el

TEAR-TEST DATA

Test Crack Propagation Data Control Coupon Data
ic ; - 3 ac T T ¥ Tenpation
Temp Test Thickness Width Load Fg Crack Length ty tu Elongation
C(°F) Direction {in.) {in.) (ibs.) {ksi) (in.} dw/da lksi) {ksi) B (%)
AM355 SCT (3 hrs, at 550°F)
-85 T 0.0202 9. 06 6400 35.0 1.27 86 206.6 235,08 5.7
-85 T 0.0193 9. 06 4880 27.9 2,34 10f
Rouotn T 0.0186 9.07 13340 79.1 1.65 578 156, 1 223,46 7
Roworn T 0.0203 q.05 10080 54.9 2,061 409
L00 T 0,0187 9.07 12440 73.3 2,01 640 14713 207.7 5T
LOO T 0.0194 9.00 9600 55,0 3.28 655
- [ G I B _ - . IR [ i
AM355 SCT (3 hrs, at 1075°F)
-68 gl 0.0192 9. 04 n4.8 1.69 ¥55 140, 4 195, 4 a9,
ShA T 0.0200 9.08 71,0 2,78 [EE]
Rootn T 0.0199 9,02 91.9 1.81 365 137N 181.7 R, &
Ruoin B 0,0213 9.02 t4.6 3.23 ; KRR ;
600 1 0.019% 9.03 75.0 ! 16l 524 126, 1 154,60 Sk
600 T 0.0198 9.03 8.3 2,48 143 {
L. . o I S I o ) I . R R P ,
AM355 SCCRT {3 hrs. ot 1075°F)
-i5 1 0.0222 3.07 5500 27.3 1.13 E1¢ i 290,71 310, 4 [ 2.A
Ruom 1 0.0210 9,00 10440 5.2 1.35 228 27705 4 29000 H 1
Roam U 0.0218 9.0 5800 29.5 2,26 115
600 1 0.0213 9. 02 13560 70.6 1,54 444 2324 208.7 2.0
600 T 0,0218 9.03 9240 7.0 2. 60 | 387
AN355 CRT {3 min, at 850°F)
Rooms 1 1 0.0102 { 9.00 [ 8900 l { 1,77 B}
e N - 1 — — - -
AM3BS CRT {3 hrs. at 850°F)
1 o - . B S - TV ST T T T T 1
Rooms | T 0.0102 [ 9.00 l 8400 I 91,5 T 1.81 H g4t ‘L 151, 5 1 255,10 [ 14
S U . - S - EE— e - - PR S — - -
AM355 CRT (3 hrs. at 1050°F)
. [ R . . e e o e —
Rootn T 0.0101 9.02 1 5680 73,4 1.79 546 { 140, 3 224.6 6
Room T 0.0102 9. 00 1 4420 48,1 2,91 426 |
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AM-367

INDEX OF MATERIALS

Data

Sheet Organization Reporting Data Alloy Producer
i Allegheny Ludlum Steel Corp. Allegheny Ludlum
2 Allegheny Ludlum Steel Corp. Allegheny Ludlum
3 Allegheny Ludlum Steel Corp. Allegheny Ludlum

Composition, percent

Data
Sheet C Mn P S Si

1,2,3 0.021 0.024 0.002 0.009 0.08 14.25

30

A~

113
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Alioy Designation:

Heat Treatment.

A&. noted below

Contributor: ___

SHORT-TIME TENSILE PROPERTIES

Data Sheet No.:

Sheet Thickness, inches _

gOne notch specimen overheated to 720°F for 12 hours during exposure

1

114

Prior exposure® L Unno'ch-d (;m?iﬂ,‘,) specimens N ,,,Sh,nf? tdoa no'gh.t L Maraging C‘zid,nmn:
g e - Tensile f!vongfh, Yield slrlngrh b Elglngf Gl Elong. Tensile flrang'h, Strength ratio, Temperature, Time,
Temp.|Stress; Time, ks : i n ksi °F haurs

ksi | h 2 —_ aurs

F B t L T L L 1 T o ~

Annealed 7 min, at [400°F + Refrigerated 16 hrs, at -100°F + Maraged as indicated
None 261.9 -——- 261.5 ----- 3.0 - 242.6  ----- - 800 24
None 261.9 ———- 261.0  ----- 3.0 - 249.0  ----- ---- 850 8
None 269.7 .-——— 266.3  ----- 4.0 - 237.0  ----- ---- 850 16
None 276.4 ——-- 273.5  ----- 3.0: - 249,2  ----- - 850 24
None 263.3 284, 260.0 273.3 3.6 1.8 241.0 223, 4 0.78 950 8
None 163.7 172,81 116.6 123.0 5.8 5.8 | | ----- o= — - -
None 245.2 —--- 2423  -a--- 3.5 - 2262 ae-e- ---- 800 24
None 245.7 —--- 242.3 - 3,0 - 221.5 e---- 0.89 —--- 850 8
None! 256,4{ - 254.9 - 4.5 - 225.0 ----- }o. ---- 850 8
650 40 500 162.9{ ---- 262.9  ----- 3.0 - 218.2 ----- ---- 850 8
None 248.1 .—— 244, 3 3,0 - 218, ----- ---- 850 16
None 255.5 - 245, 4 2.5 217.0  ----- ---- 850 24
None 241.0 262,41 241,0 256, 7 1.0 1,5 230.8 201, 1 0.77 950 8
Annealed 7 min, at 1500°F + Refrigerated 16 hrs, at -100°F - Maraged as indicated
None I 250.5 236.0 8.5 201.9 .- 800 24
None i 248.0 237.7 6.9 230.0 850 8
None 251.4 -—-- 241.9 9.6 - 223,6  ----- ---- 850 1é
None 261.4 -—-- 253,22  —e--- 8.7 - 209.0 ----- ---- 850 24
None 259.0 265, 251.9 261.1 8.9 3.4 247.8 239.6 0.90 950 8
None 152.8 152, 6 98.2 100. 4 5.8 5.8 | j-----  ----- ---- --- .-
None 222.9 -—-- 218.0 ----- 6.5 - 218.0 800 24
None 223.2 EEE 218.4 ----- 5.0 - 218.0 850 8
None R LA | 5 7 B ———. 6.0 - 220.5 850 8
650 ; 40 500 248, 0f 0o 241.5 ----- 5.5 - 210.2  eamen - 850 8
None 228.9 —--- 225.0 ----- 6.5 - 227.9  s-en- -—-- 850 16
None 235.8 --=- 230.0  ----- 6.5 --- 235.0 ----- - 850 24
None 235.5 241.0| 233.2 236.8 7.5 2.7 231.5 231.3 0.96 3950 8
Annealed 7 min, at 1350°F + Refrigerated . at -100°F + Maraged as indicated
None 264.1 282.5]257.8 269.1 3.1 2.2 245.0 236.8 0. 84 950 8
None 168.0 179.8 122.0 127.3 6.2 6.2 1 |ee--e aeee- ---- .- --
Nune 241.2 258.0 ;) 243.5 249.0 3.0 1.0 222.6 183.0 0.71 950 8
Annealed 7 min, at 1600°F + Refrigerated 16 hrs, at -100°F + Maraged as indicated
None 252.4 256.9 | 242.9 249.8 9.3 4.2 197.1 226.3 Q.88 350 8
None 147.2 146.8; 94.6 93.61 6.8 6.0 | femeee oo ---- .- --
None 233.0 238.21226.8 232.0 3.0 3.1 233.5 227.7 0.96 950 8 1
E
Annealed 7 min, at I1800°F 4+ Refrigerated 16 hrs, at -100°F -+ Maraged as indicated :
[Nonc 245.7  244.81225.9 233.9| 10.2 8.4 161.6 92.9 0.38 950 8
None 142.5 139.0 84.8 88.3 6.2 5.5 - —- -
None 220.3 226.44209.4 221.4 9.0| 5.0 230,3 209,5 0.93 950 8
Annealed 7 min, at 2000°F + Refrigerated 16 hrs, at -100°F + Maraged as indicated
None 230.4 234,31217.6 223.0 8.5 5.3 61.9 55.3 0. 24 950 8
None 126.5 127.9 92.0 94.0 3.8 4.5 R -——- --- --
None 208.3 218.0]202.2 207.4 8.0' 5.0 112 3 88.0 0.40 350 8
Comments: @ Conditions of exposure, if any, between heat treatment and testing. 50.2% offset yield strength unlass otherwise specified.
Gag. length was 2 inches unless otherwise specified. longitudina) orientation T = transverse orientation
ASTM notch radius 0.0007 mch average cf two tests average o: two tests 7



CAMIGT Contributor

noted below L

Alloy Designation: _
Hea! Treatment LA on

Alleghe

vy Ludium Steel Cor

" Sheet Thickness, inches As. noted below

~ SHORT-TIME TENSILE PROPERTIES

- B }
]
!’ Prior exposure® reu ;» Unnotched (smooth) specimens Shurp edge notches
es Il - - ‘ [
I Temp | Tensile strength, | uId strangth, b Elong® Gl tiong. TGL Tensile strangth, | Strength ratio, [
Temp |Stress| Time » F ksi | ksi A j in %J; n. ksi ‘ N/S
Fol ks hr d S -
l ' [ | L T J L T L T L T Tt Tl T
L i It | -
Aunealed 150067 F (6, 050-inch thick sheet)
] [Room] 147.4 149.1] 89,5 93.0] s.mace E |- ]
Annealed 1400°F + 16 hrs, a1 -100°F + 4 to & hrs, at 950°F (0. 090-inc] thick sheet)
“ ‘T Si00 | 2686 289,22 267.8 284,31 7.102.0 | 2.9)2.0 |268.2 :m.z‘ 1,00 0,90
! Roone| 251.8  208.8 248.4 20231 4.002.0 | 3.5/2.0 tesl.2 228,41 1,00 0,85
’V Annealed 1500°F {0, 025~inck thick sheet)
: ) ! h T T T
: [Room  152.8  152.0] 98.2 100.4; 5.8:2.0 [ 5.8 :,OT ........... [ e i
; ! : |
Annealed 1600°F (0, 050 -inch thick sheet)
i | [Ru(m\i 147. 4 149.1] 89.5 93,61 8.8 2.0 J 9.0 2.0 [ .......... rL ]
H i i
Annealed at 1600°F, AC + 16 hirs, at ~100°F + & hrs, atr 956°F, AC (0,052 -inch thick sheet)
. 1
i [l{uon]‘ 227. ¢ ‘ 220. 4 6. [ ‘ [ 2433 ‘ o7 4
Annealed 15 min, at 1625°F, FC to 00" F in 45 min, , then AC 4+ 16 hrs,
At —i00°F + 8 hrs, at 950°F, AC (0, 02 -inch thick sheet)©
; Room 220.3 2120 io7.s]z.0 229.0 1.04

Comments. ©Conditions of exposure, e it ony between heat Nealment and 'eshng.
‘cho length was 2 inches unless otherwise specified
Specimen orientation not stated

_AM3BT Contributor:

A JR SO
bgag o"sei yleld sfrengfh unless o'herwnse spechied
d = longitudinal arientation T = tronsverse orientation

Data Shee' No

Alloy Designation S

Heat Treatment: __.Birips _butl w cldcd by automatic tungsten progess \:L;Lh no filler metal. then Sl;o-! Thickness, inches _
treated as noted below
SHORT-TIME TENSILE PROPERTIES
R RS . — S
Unnotched (smoo'h) spoelm-ns Sharp edge notches N
Prior exposure® ] Test P eda — - Location of
— Temp Tensﬂc ﬂr-ngvh Y|e|d slreng'h b E|ong( G L. TElang G. l Tansnlo strength, S"engvh ratio, fracture ‘
Temp Slress hme 5 ksi si 7"7”1 » % | in ksi N/S ‘
{ 1 L Tt T L T L Tt 1 L
Anneaied (600°F
I ] e - ¥
{ iRoom 167.6 122.2 7.6 ]
As Welded
T T T
o Room[ 162.8 154.7‘ 6.2 123‘8| 7.0, ]4. 5 [ , L Weld T
Ag Welded + 8 hrs, at ?50"F
}1 ]mel 251, 4 z41.9] 243.9 zm.o[ 4.8 I:.s \ ’ 1 1 Wotd i
i
As Welded + 16 hrs, «t -100°F + 8 hrs, at 250°F
] Room 260. 3¢ 255. 9 3.9
i Room| 253.2 244.5| 243.8 241.8| 4.5 2.5 ! Weld :
As Welded + 15 min, at 1600°F + 8 hrs, at 950°F
: ' T
[ ' IRuum' B2 wmafasg 2195 5 [7.8 l 1 ‘ l Base metal
As Welded + 15 min, at 1600°F + 16 hrs, at -100°F + B hrs, at 507 F
T ] [Room[ 235,27 229. ISR 223.9] 6.5 [75° [ 1 [ Base metal |
H i

Comments: @Conditions of exposure, if any, between heat treatment nnd tesling

‘Gage length was 2 inches unless otherwise specified

Unwelded specimen

115

b6 29 offset yield strength unless otherwise specfied

dy = longitudinal weid T = tronsverse weld

“p
'

11







PH15-7MO

INDEX OF MATERIALS

Data Heat
Sheet Organization Reporting Data Alloy Producer Number
1 Syracuse University Research Institute Republic Steel Corporation 3330522
2 Langley Research Center, NASA Armco Steel Corporation 890610
3 Syracuse University Research Institute Armco Steel Corporation 880656
4 North American Aviation, Inec. - ----- ———-
5 Lockheed Aircraft Corp., Calif. Co. Armco Steel Corporation 46623
" " " 880656
Composition, percent
Data
Sheet C Mn P S Si Ni Cr Mo Al N Fe
1 0.07 0,52 0.015 0,016 0.30 7.20 15.34 2.24 1.15 0.01 Bal
3&5 0.08 0.54 0.014 0,008 0.26 7.12 15.05 2.16 1.16
(46623) 5 0.07 0.81 0.018 0.014 0.20 7.29 14.80 2.33 1.33
143

117



(006 HD )

OW £-SL Hd

( pesssysun V) 1Y OF \unOmo 31y 0001 ®
(seynou aBpe peyipi-enByupj x ) pesodxeun O

‘ainsodxa 184y puo 0‘_0*03 P2i58} |29Ys 10§ SUOIDIIIP ISIBASUDIY puo _UC_TD:QCO_ Yy} ut synsau Is94-ajisua)
4o ‘Banypiadway yse)

0001 009 1 002 - 0001 009 00z o 00Z- 0001 009 00z 0 00Z- ooot 009 00z 0 00Z- oool 009 00z 0 00l-
— ° .
C ! ! _ ! | o9 f o
[ « ! : ! i :
0 Gg v o 1 i 1 1 o © . ' 1
o | | i
o i *
o ;
- ,m » W oot ool & { oo Z | ; .
. ! o v o v = :
o O (ST L jt !
] [=] J s T . ]
o N i o loaxi ¥ 2 ¢
4 8 : ot N W o on 3 o-w S
_— - . - .
i v Q : o o M 3 el o 8 o
| = ﬁ F | EARI I T
4 5 | : e 2. - . | ]
23ds g 3 . RART T S o
u 8 + om & om 3 - om 3 o —— g2
'SNVaL 3 ! 3 ° 2 !
-] ) o ! Q
N 3 1 = & i
2 gi H F ®
} 3 o ° x 3
- + 9 T otz ¥ o0 0zz 2. 0zz g [}
1 o - o bl
; v ] by o ® i
i ° e X
; [ o ] B ;
= '
: oz e o9z 8 09z o9z @, . 01
i | %) ﬁ
! v !
! {0 , 8| % ] ! | {
i v $ A !
L ! ® % © ¢ i i
v— 00E remiil 3 I
1 -1 1 1
! €€ € o €1 I (I 1
[ 1 € £ € w T t € € 1
! MRS | [ 1 e ® [ | € 1 € €
[ €e o« € i [T € b 1 € €] € € € £ [ 1 € €
£ i€ € £ € € ! v ! \3 £ L 3 € € € M £ € € € ¢
4, ‘@injpiadway 58]
0001 009 00z 002 - 0001 009 00z 0 00Z- 0001 009 00z 0 00Z- ooot 009 00z © 00Z- 0001 009 00 0 00I-
T 0 T T , T [
2 | | ]
o | 1 | : 1 1 k , ; 1
; R | | |
) ! ! i |
i y | i ool ” -~~~ 001 ool 2z z
i i | :
i o
| i o " !
i o 1 : 1 ¢ 1 Ed !
! i [ "
i i 5 3
| a1 , o o orl Sl t on 3 .
| , X ® H i @
| m : P o, o F
: | g , | 1 2 & o ” 1 Z | |
23ds 2 3 ¢ o o o i T
~ + vHu 8 - [« T - osi 5§ — oel 8 'S
. 3 | ! a e ;
ONOT g ! 3 v ]
EA e Q v e | e v
i ; ; By Q 1
X o ! 2 b F [ @ o °
s ¢ T 0. 0o AR
—-—{9t ; 0T 3 ¥ ~—ozz 2. gr——-jorz 3 go+—3-18
! ¢ c 3 L] ° Bl o = ' x| K
! L x AR S x o .
] 1 @ 2 1 o | 981 ® i ¥ 1
¢ = ! o i ®
L X
ot ®c o9t H 09z I ot
X |
: o 4 4 : 1
ﬂ W el qm@ | “
| i [ W v . i !
L L , oo L :
¢ B
\ [} L € 1 €
€ | €€ €€ € 1 1=i“€ €
[} - € € 1 € € 1 € €1 1
r € € € €0 [] i I I € €1 i 1 t €1 (3 I ' '
€ € € € 12 ! ! € =€ I i € € € €€ I £ € €
MO|ag sjulod o} Buipuodsalio) siaquinp 23y BioQ

‘oyns YjBusng

uawpeds paydjouun
séydjou ospo dioys

‘oo YiBusig

uswmads paydouun
saydjou abpe dinys

114

118



( pessassun v ) 1sy op '3,089 s 0001 e
(soydiou eBpe paxyinir-enBuny x ) pesadxeun =

(0S0L H¥) OW /-Gl Hd

#ihs6a¥%e 10/1d |0 SUGLITPUODH
‘ainsodxad 19|40 puUD 81043q PaIsa} |93Ys 1o} SUOHIBIIP 3SIDASUDY puD _UC__UD:UCO_ BY{ Ul s§|nsdd {s8}-afIsuad]

4, ‘8injosadway sa)
00Z -

ooot 009 0oz o 00¢- 0001 009 0oL © 0001 009 00z 0 00Z- 0001 009 00Z 0 00Z- 0001 009 00z © 00Z-
T o I o
- P4 m
S— O 8y . — - . ool —_— P ———— Y1} — S - & oo £ — e —
v - ° ¢ w
- 'Y 3 Ed
i’ o e . . | . = 1 4
R ! | } 2 @
B ! L. H S
- - —{8 ——c v o - i or o B R [ U e d gy
i o o oxx "] L] 2
| m W < : 2 o Ed =
o 5 = —_ B 1 o
w - , - . ® | , [ | ~
3ds ¢ . B O Cln ] g e | sis
- e u g - g o8l = |- . + L B - 4 o8l 5 —— 9 3,8
. ° o 3 . x =
SNvil 3 R 9 | @ | H - v )
N H sl 1 F : & - 1 Tis
o© : o ! : |
1 - 3 ! m D ; | ] o 2g
. @ i 3 Ie w|®
. LT — — 4= 4027 = — . . %3 4 — A [E— 2+ g
: ) F 5 tozt 1 oz 9 ! " 3|5
. I : n.9
, = - 4 : T B LS
. ! w I | ! e ! o 315
; ; | 7 < 2|a
i | 3w
i x H i .
t T oz — 09T — . . 4 09z e e 09T 2, , t ol
: : , .
L . i 1 | ; 7 |
H i i | } |
— i i i L i ! ; |
|
4, ‘@injosadway ysa)
0001 009 0oz o0 00Z- Q001 009 00z © 00Z- 0001 009 ooz 0 00I- 0001 009 00z 0 00Z- 000l 009 00z 0 00Z-
) r -
[ : T o
m ” j W ,
' | | ! i
< | 1 i b
It *— . + [2 ——— — —00L - - J - —--- 001 —_— B 400t Z B e
! Y ﬁ v ; . i e ) i ' w
& H L
' | - | 1 o | iox = m
;. N | . 3
! H N - . [~}
. ; 3 Q
p— ——— i G T——or o = orl — -+ Fdom & —- . b . ¥
i Q = ry . 3 | s
= E ~ a . a
m s @ ” 3] F | =
1] > . 2 5 b 1 e
03dS 2 * , 5 ’ . . . <
. -y | H o 8 T Clam
E — a5 - L= + o8l = = ost 3 — ~—V——~x—ost 8 o —— =99 3| T
"ONO1 g > g : 5 3 7 3E
3 ‘ o e | x o >v
] N 3 4 1 - a x a
N o = @ | T
i 8 s ! N ' ; ®a
« > a = e | Pib
—_— ——— 9 [ —_—— - -0 F e ot 2. - —e————+—0z2 3 (- — l g wl|®
i o® ] - ' T |3
| | < 5 . 1
! : = > : 2.2
| ; | o i ® = 35
! | ) R . w S
! | 3| @
b . oz — : i 09z : 09z | o9t X ————- - ~Hol
: ' | . ' ! - 2]
! ! : ;
: : !
| | | , b
. : | ; ! |
[ ; . . ! | — L SR SO
: ‘| 1equwinu j2ays pipp wouy sjutod |y
F\ [ — ——— S oo — I

mo|ag sjuioy oy mc_v:onmwto.,u m._ij:‘Zi.,mwr_m m...uor

—

ito

119



(uontpuo> 0S0L H1 ) OW £-SL Hd

‘ainsodxa 19[40 PUD 31043 P2ISd} {9YS IO} SUOKIDIP ISIDASUDI pUD _Uc_m-?__mco_ Yy ul sy|nsas i59)-9jIsuay
1, '®anpiadway yse)

posssysun ﬁc@mm sy 000F 4
pessessun ‘4 0SS "84 000T V
pesodxeuny o©

0001 00z o0 00z- 000¢ 009 00z 0 00Z- oool 009 00z 0 00Z- ooot 009 00z o o0oz- 000t 009 00z 0 00z-
0 0
] J ] ] ]
v
4
oot oo Z .
- v oot s [
() FS 4
4| av { o M E s
N “ a
4 N 3 -
& H F
o8 on o — F—jon 3 v
nﬂu N L] g
m - M. oy| % 5 -
5 | 3 H o 4v - o
a < 4 o F <
23dS r] b3 L3 o Sis
u g oot o8t 3 508t 3 1% 2|3
K 9 ol
SNVYL 3 s g - £15
] 2 ] 2 B °
2 s F s ©lo| &|&
Q Ly 3 4 w|®
9 wi-——{ozz 3 otz . otz g v 5|2
E 2 FH
F o,
& E : 35
% £ gié
oz 09z 09z 09z 2. ol
] 1
4o ‘dInipiedway jse)
0001 00z 0 00Z- 000L 009 00z 0 00Z- 0001 009 00z 0 00L- oool 009 00z 0 00Z- o001 009 00z © 00T-
o 0
4 ) 004 oot Z -
o e v
7 { e 1 { = H
v¢ 1 Y « a
4] 4 o E 2
o—s on o~ on 2 - F
& 2 2 a YL
v o Fy 2 4 F 2
] 1 .} Ml 4 -l E o
3 - k:
3ds 3 3 . A% ® o
u 9 om 2 on 3 4 om S ¢ 3|5
"ONO1 g Y 2 2 7|3 ol 3|8
3 s e % 2 z|°
] J 3 ) ]
¢ $ 7 $ wl flt
g H 45 = a|a
LT Dotz 3 ozz = ozz 3 LY °
a7 - " 212
] { = pa ]l 7 ® | 2%
- £ 17
S|~
ot 09T o9z o9z N ol
i
i i
‘7 1equinu jaeys ojop wouy sjutod ||y

mo|ag sjuiod o) Buipuodsaiio) siaquinN J1aays BIpQ

116

120



2.0 ] T T T
PH 15-7 Mo
CONDITION CH 900
1.0 gt =T @ = O |
" & [ T84
) 8
S ~~—0-
L4
=
g
E 2
2.0
©@ PH 15-7 Mo
g CONDITION RH 1100
= 1.0 0.-::ji::ii:
.8 ®
.6
L O LONG a
) @ TRANS
.2
1 ) L 6 810 20

STRESS CONCENTRATION FACTOR ( K )

Notch strength ratio at room temperature versus stress concentration
factor (K ) for PH 15-7 Mo, A single point designates the average of
two test points having close values, (Data Sheet No, 1)

};&h
i
I d
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Alloy Desigrotion: PHI5-TMo = Contributor: Syracuse University Research Institute . Dota Sheet No. 1
Heot Treatment. As noted below I . . _ Sheet Thickness, inches _ Q. 023

SHORT-TIME TENSILE PROPERTIES

Prior exposure® Unnotched (smooth) specimens Sharp edge notches pEzlgl- Cravked Specinens J
Test t— - 1 T T S - - s =
Temp | Tensile strength, Yield s"cng?h,b Elong® G.L. {Elong.| G L, | Tensile strength, | Strength ratio, | Tensile Str. (C),
Temp.|Stress| Time, F ksi ksi %} in, % in. ksi N/S ksi {
F k b d
R L Tt T L 1 L Tt Tt Tt T
CH 900 Condition
None -110 304 307 304 294 2.0:1.5 3.7/ 1.5 236 126.3 254 129
| 0,79 .4 0,84 0.
None S110] - RO Y R 245 127,95/ 07 EER L 2g ) 41
650 01 1000 -110 311 318 | 307 302. 5 2.3,1.5 1.5 243 --- 0.78 i
5 : yfo-1i0)| 3 313 . 20 2.7.1.5 . 237 .8
(,’—)0 0§ 1000 il 14 1 313.5 & 71 1.5 7 105 Jo.7s 0.32
50 10!l 1000 | -110] --- 42
Noe Room 283.9 292 279 278 1.0 1.5 0.7 1.5 229 128 242 127
. L4 AT IR E N R
Notr Room| --- e TS 225 12R bo.go 0.41) 77 P 4
R0 011000 [Room 288 2494 284 2849 1.7 1.5 1.3/ 1.5 219 110 0. 76 0.37
?")(} 401000 [Room 296.5 290 296, 5 81 1.7, 1.5 1.3/ 1.5 200 113, 7 10.69 0.42
650 407 1000 [Room | --- --- --- - B A B --- 128, 5
None: 350 ‘ 248 257 230 1.3 1.5 1.3 1.5 177 114 Lo 71 0. 43
: i 7 .
None! 350 ¢ - . . D T e . 105,57
T\:m\c' r 650 ’ 224 236 217.5 204 1.3 1.5 2.3 1.5 166 fjf: Jo. 74 0.37
None --- N - - e - 749, 5
050 101 1000 231 210 P o103 1.5 1.3 1.5 149 a7 0,65 0. 39
Nowe} {800 1 20l 205.5) 2.3 1.5 1 2.0[ 1.5 | 156 9.5 15 040
None| D800, -e- e ae- 82,4
RH 1050 Condition
Ne e : —110" 218 224.5 212 219 h.5 1.5 .5 139 Tl 180 144.51,’0 P
None ; SHI0) -e- R .- 87 }n.m 0.43 | 121.5 145 s e
Nortie: : S110] --o- . T - 4
650 011000 -110 232 234 227 25 4,7 1.5 5 138.5 92,5 0.60 0.40
5 40 - 2 22t 224,56, .5 .
t’ :(l 10§ 1000 1101 232 230 226.5 1, 5 6.4 1.5 5 105, 2 98 Y0, 45 0.43
650 1011000 | -110] --- - - . e I . 100
None : . 7.5 : 71 ¢
None Room 201 204 196.5 197, 5 4")‘ 1.5 3.7 15 185.2 152 Vo2 0.73 oG, 5 lt)‘l.ﬁ}o'qH 0.8
Nonel 1 Room!  -=-- e 144
na 1000 Room 215 217 211 210 4.0: 1.5 2.7 1.5 178 144,44 0,83 0.67
nfj\() 0] 1000 [Raom 214 214 211 209 4.0, 1.5 3.0 1.5 173 122 }o.82 0. 56
fa0 4 1000 [Room - - - - e - I --- - 118
Nure! 550, 184 186.5| 180 182.5 3,0, 1.5 | 2.3 1.5 | 155 LS S,
! ; . L7
None: 350 —-- -- - - P LT T . 149 |
None 630 a9 170 159.5 161 3.3 1.m 2,7 1.5 154 110 }o.91 0. 68
. .6
Nosie 650 | --- EUDEE R I S 120
650 40, 1000 650 178 176.8]| 167 172 4.0/ 1.5 2,7 L.5 167.5 116.5)0 a4 0.64
i . d . L6 :
650 1 40| 1000 | A50 - --- --- --- N e I --- i3 ; !
Nene 800 | 1435 152 139 141 2.0 1.5 | 5.4 1.5 | 150 370 0y olsg
Noune 400 --- --- --- R T BRI --- 1354 : !
i
i
]
i
|
i |
i
i i
I
i ! ; ! :
| ! | i :
i H i B
i | i
| H
: ‘
i
: |
! ;
; ; i
| 3
| i
i
Comments: ‘:Candhmm of exposure, if any, between ‘heni rre.c_'menr ond testing b0 2% offset yield strength unless otherwise specified. o
“Gage length was 2 inches unless otherwise specified. di = fongitudinal orientation T = transverse orientation

© N ;
. Specimen 1.00 in, wide notched 0,05 1n, deep, then fatigued to 0, 70 in, between the roots of the edge cracks.
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Alloy Designation: __PHi5-7 Mu Contributor NASA, Langley Research Center Data Sheet No: _2
2

Heot Treatment __TH 1050 Condition . R I Sheet Thickness, inches ___ 0.0

Prior exposured reu Unnotched {smooth) specimens Sharp edge notches
es I R _ [ R i, e N
Temp.| Tensile strength, Yield strength,B [Elong®| G.L, {Elong.| G.L, | Tensile strength, Strength ratio,

Temp.|Stress| Time, | 'F ksi ksi % in. % in. ksi

i d = b

Folhsi| b L 1] 1 L 1 L T | 1)L 1
None -1101239.0 243,01 220.0 231.0| {e) |--- (e) 165.0 174,01, 0.74 0.74
None -110 {236.0 242.01219.0 226.0 8.0 (2.5 8.0 186.0 184.0( N .
550 0 {2000 -110 {242.0 249,0:227.0 235.0 9.5|2.5 (e) 171.5 185.0 Y 0.74 0.63
550 0 | 2000 -110j243.0 247.01229.0 232.0 9.0 (2.5 6.0 187.5 160.0
550 0 | 4000 -110 [243.0 248.0(229.0 238.0 7.512.5 3.0 163.0 162.0 | 0.65 0.61
550 0 | 4000 -110{242.0 250.0 | 230.0 239.5 9.0:2.5 6.0 151.0 142.0 : ’
None Room{215.8 222.4(212.0 218.9 5.512.5 4.5 B T R
Nane Room{214.3 220.0 | 210.8 214.2 ——- |- 5.0 187.5 166.1 } 0.88 0.73
None Room [215.4 2z1.71212.8 215.0 5.0(2.5 6.5 192.0 155.7
550 0 | 2000 [Room 217.0 223,01 215.0 219.0 6.5(2.5 4.5 176.0 164.0 } 0.86 0.72
550 0 | 2000 iRoom|216.0 223.0|213.0 220.0 6.0(2.5 2.5 196.5 158.0
550 0 | 4000 {Room|215.0 221.0(211.0 212.0 6.012.5 7.0 182.0 172.0 } 0.88 0.77
550 0 | 4000 |Room|214.5 222.01211.0 210.0 7.5;2.5 6.0 195.0 167.0 N

|

Comments: @ Conditions of exposure, if any, between heat treatment and festing.
;Gag. length wos 2 inches unless otherwise specified.
_ Irregular fracture ..

4 bO.'I‘Z offset yield strength unless otherwise specitied.
L = tongitudinal orientation T = transverse orientation

Alloy Designation: __ PHL15-TMo Contributor: Syracuse University Research Institute Data Sheet No.. _3__
Heat Treatment: CH900 Cendition I Sheet Thickness, inches __0.025
) o SHORT-TIME TENSILE PROPERTIES
Prior exposure® Test Unnotched (smooth} specimens Sharp edge notches eEdge~Crackcd Specimens
est p————— oo - | e - —
Temp. | Tensile strength, Yield strength,b Elong(: G.L. [Elong.| G L., | Tensile strangth, | Strength ratio, | Tensile Str. (C), Strength
Temp.|Stress| Time, | °F ksi ksi % | in % | in. ksi N/S ksi Ratio, C/S
"F ksi h d
o L Tt T L T L T T 1 1
None -i10 290 292 285.5 248.5| 6.0 1.5 | 6.7 | 1.5 242 156.5 244 165
None BTy 173 |p0.83 0.58 | 5., L4y |10-83 0.5¢
650 0} 1000 -110 305 318 294 281 12.0 8.4 .5 200 141 0.66 0. 46 e - - -
650 401 1000 -110 297 305 286 276.5) 8.4 1.5 | 4.4 1.5 229 122
650 40| 1000 | -110| --- - RN P v - 113 |10-77 0.39
¢ R 2 2 2 2 . .5 . . s
I;one com 69 66 62 56 i.3 1 3.0 | 1.5 254 189 }0.94 0.67 242 164 10.90 0.62
one IRcom --- --- .- --- - -- ~-- -- -—- 168 - .
650 0] 1000 [Rcom 292 286 287.5 272 2.0 (1.5 12.7 | 1.5 236 153 0,81 0. 54 --- - - -
650 40| 1000 Rcom 266 265 260 258 2.7 1.5 [ 4.7 1.5 254 165 10.95 0.60
650 40| 1000 [Rcom| --- - .- RN (S [ 150. 5" °" :
None 350 240 260 233 244 2.0 1.5 1.0 1.5 228 146
None 350 | --- oo [ VDI P I leg [10-95 0-60
None 650 221 232 208.5 216.5] 2.0 1.5 1.7 1.5 170 il2 Yo.77 0.52
None 650 . o . - O SN .- 128 o .
650 40| 1000 650 232 254 214 236,50 1,3 1.5 (2.3 [ 1.5 146 106 }0.63 0. 40
650 401000 | 650 | --- - VU U I (R 94,6/ :
None 800 203 214 191.5 186 3.3 (1.5 | 3.3 { 1.5 177.5 114 .
None 800 - - - U R R .- 107 }o.87 0.52
i
|
S S i L .
Comments: ‘:Condiﬁons of expou.ne, it any, between beo' treatment and testing. b0.27, offset yield strength unless otherwise specied
Coge fength was 2 inches unless otherwise specified dy = longitudinal orientation T = transverse orientation

_Specimen 1. 00 in, wide notched 0.05 in. deep, then fatigued to 0,70 in. between the roots of the edge cracks.
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Aoy Designation: ___P1115-TMg Contributor: North American Avjation, Inc Data Sheet No.: 4
Heat Treatment: Brazed at 1900°F and cooled to room temperature t heat to 1730°F and cool to -100°F Sheet Thickness, inches __0.040

for 4 hours + age at 1075°F for 1 hour and &ir cool

SHORT-TIME TENSILE PROPERTIES ¢

Prior exposure® reu Unnotched (smooth) specimens Sharp edge notches
- T
Temp.| Tensile strength, Yield s'rangfh,b ElongS} G L., E|ong.l G.i., | Tensile strength, | Strength rakio,
Temp.|Siress| Time, | “F ksi ksi A } in. % i in. ksi N/S
o ksi h
S el T L T Ti T
- — SO
None Room 204 197 6 i
None Room 203 192.5 5.4 !
None Room 204 | ae--- 6 i
Comments: @ Conditions of exposure, if any, between heat treatment and testing. 50_2% offset yield strength unless otherwise specified.

50090 length was 2 inches unless otherwise specified.
_ Test direction not stated

STRESS-CORROSION TESTS

Cantilever beam tests at 650°F in circulating air furnace,
Salt coated by dipping in hot concentrated 6 parts NaCl + 1 part MgCl, and drying.
Smiooth and Notched Specimens Tested - 60°V-notches, 0.010-inch deep with 0, 005-inch root radius, machined across flat surface

at point of maximum stress and at a point of very low stress.

Maximum Stresses

Smooth Notched (a)
Test Condition (ksi) (ksi} Status at 4700 Hours
Bare Surface - continuously exposed 61.3, 60.4, 59.8 168.4, 168.4 Slightly blued
Salt Coated - continuously exposed'b) 57.3, 57.1, 59.8 155.0, 157.3 Gold to dark brown color - rust spots over
20 to 50% of surface
Braze Coated - continuously exposed 55.5, 54.3, 57.0 145.3, 140.6 Slight darkening
Braze + Salt Coated - continuously exposed 53,7, 54,1, 55,0 146,6, 147.1 50% of surface covered with rust-like spots
Salt Coated - 2 weeks at 650°F + 2 weeks 59.5, 588.7  —-emeeene-- Rough surface with considerable rusting
in humidity cabinet at 100°F intermit- 58.6, 58.6

tently

{a} Unbroken at 4700 hours
{b} At 4700 hours, salt coating appeared spotty

RS

o
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Alloy Designation:
Heat Treatment:

PHI15-7Mo

As noted below

Contributor:

Lockheed Aircraft Corporation, Californi

TEAR-TEST DATA

Dota Sheet No.: 2

Sheet Thickness, inches

Test Crack Propagation Data Control Coupon Data
Temp Test Thickness Width Load Fg Crack Length Fty tu Elongation
(°F) Direction {in,) {in.) {lbs.} | (ksi) {in.) dw/da {ksi) (ksi) (&)
CRT
-65 T 0.0195 2.01 9600 54,6 1,47 252 -- 259,17 --
-65 T 0.0194 9.00 6910 39.6 2,67 260
Room T 0.0195 9.00 9060 51.6 1,48 227 172.8 219.3 5
Room T 0.0194 9.03 6400 36.5 2,60 214
600 T 0.0193 9.01 6770 38.9 1.60 157 181.3 201.8 10
600 T 0.0193 9.00 5020 28.9 2.50 144
CRT {1 hr. at 900°F)
-65 T 0.0194 8.98 9410 54.0 1.54 260 305.8 311.0 5.2
-65 T 0.0194 8.98 7250 41,6 2.49 263
Room T 0.0187 8.99 3380 55.8 1. 38 247 299.7 303.1 1.6
Room T 0.0190 8.99 6260 36.7 2,59 216
600 T 0.0189 8.99 8500 50.0 1.39 214 248, 5 262.7 1.3
600 T 0.0188 9,00 5140 30. 4 2,91 183
RH 1075
-65 T 0.0167 9.02 11100 73.7 1.53 473 143,85 195, 4 10,72
-65 T 0.0167 $.03 8250 54,7 2,52 462
Room T 0.0166 3.02 11780 78.7 1.65 593 141,6 176.6 10,92
Raom T 0.0162 3.00 8960 61.5 2.77 657
600 T 0.0162 9.02 8800 60.2 1.66 391 127.2 147.6 3.5
600 T 0.0161 9.04 5680 38.9 2,74 289

125
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PH14-8Mo

INDEX OF MATERIALS

Data Heat
Sheet Organization Contributing Data Alloy Producer Number
1 Armco Steel Corporation Armeco Steel Corporation 31562

123
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Alloy Designation: __ PH14-8 Mo _ Contributor: Armcg Steel Corp Data Sheet No: 1
Heat Treatment: As noted below in right hand columns S Sheet Thickness, inches _Mostly 0,02
) o SHORT-TIME TENSILE PROPERTIES
] T T B Center notch,
Prior exposure® reu Unnotched (smooth) specimens Sharp edge notches fatigue cracked
est ———— - P—— - . B srereEe |
T Temp.| Tensile strength, Yield strength,b Elong® Allison bund Tensile strength, | Strength ratio, | Tensile strength, Yrer:::r:'enr
Temp.(Stress| Time, | °F ksi ksi % parameter ksi i Condition
E i d
F ksi | br L . oL T L T Tt T 1
None -110f] 265.0 266.6 | 249.1 255,01 12 11 231.7 205.2) 0,87 0,77 SRH 950
None -110 ) ----- 266.0| ----- 255,0| -~--112 | | |----- ----- ---- ---- 170.0 SRH 950
None Room§ ----- 125.0| ----- 55.01 25 Condition A
None Room' 235,04 ----- 215.0 I ---- ---- S5RH 950
None Roon!t\ 235,2 | 214.1 216.8 8 5 214.1 193.2] 0,92 0,82 SRH 950
None Room 235,2|212.2 216.8 8 5 203, 38 161,27 0,88 0.69 SRH 950
None Room| ----- 235.0| ----- 217.0) ---- |6 1| | meeem mem-- ---- ---- 170.0 SRH 950
None Room| 238.0 245,01 223.0 226.0 4.514.5 (1,610,846} ~-~--  ----- ——- m— SRH 950
400 0 931 {Room| 238.0 243,01 225,0 230.0 7 5.5 11,41 (0,45({-----  =--=-=-- -—-- ---- SRH 950
550 [} 100 |Room| 242.0 246.01227.0 233.0 5 4 1,15 (0,35 ----~ EREREl B “--- SRH 950
700 0 931 iRoom| 262.0 266,01 248, 0 246.0 5.514,5 l0,62]0,20)-----  ----- ---- ---- SRH 950
650 0 | 1000 iRoomy ----- 230,0 | ----- 212.7| ~---]10 | | jm=e== =eme- —.——— --.- 219.0 SRH 950
50 0 | 1000 (Room!’ ----- 227.0 ) ----- 218.0| ---- 110 | | me=== ---e- - “-=- 214.0 SRH 950
650 0 11000 {Room! -eecm  mmmemfooceeaiois P - 216.0{ SRH 950
650 0 11000 [Room| =-----  -;---] --—--o —o-o- e 212.0 SRH 950
650 ¢ | 1000 [Room| -----  ----=| --=--  ----- EER R - -——- 216.0 SRH 950
650 167.0]1000 fRoom! «---- - 227.5 4.5 m-—- 216.0 SRH 950
650 [67.0]1000 ‘Room® ----- - =eme- R 218.0 SRH 950
650 |67.0] 1000 (Roomi] -----  —--cs | c---- conan [P R R 215.0 SRH 950 !
None 650" : 197.8 198.5 181.8 173.5 4.5 3 156. 3 144.3 1 0,79 0,73 SRH 950 ‘
None £ 0650 ] ----- 197.0 | ----- 170.0f =--- "4 ! | | c---o Lol o RN B 125.0f SRH 950 ‘
; | i
None iRoom!| 275.0 283.0|272.0 277.0 2 {i} {1,15|0.10 CH400
400 0 931 Roumi 271.0 274.0 | 269.0 271.0 2 (i} 11.17]0.07 CHYJ00
550 o 100 {Room;j 277.0 285.0|276.0 282.0 2,51 1.5]1.08|0,07 CH900
700 0 931 :Room| 314.0 302.0 | 310.0 293.0 2 (i) 10.45)|0.04 CHS300
iNone Room| 249.0 265.0'244.0 259.0 P4 (i} thigh | 0.27 CH1050
400 0 931 iRovom| £55.0 260.0 | 253.0 254.0 2 2 high | 0,21 CHI1050
550 0 100 |Roam 256, 0 268.0 | 255.0 267.0 2.5| 1.5 |high | 0,23 CH1050
700 0 931 |Room| 273.0 289.0 | 266.0 282.0 2 (i) |1.42|0.10 CH1050
None Room| ----- 215.0 ) ----- 205.0y ----1 5 ----10.45 BCHTI1050
None Room| 218.0 222.0 212.Q 213.0 5 4 high | 0.41 BCHT1050
400 0 931 |Room: 221.0 223.0 ‘215‘0 217.0 5 4 1.60(0.36 BCHT 050
550 0 100 |Room| 224,0 224.0 | 221.0 220.0 4 3.5 |1.12|0.29 BCHT1050
700 0 931 |[Room| 242.0 250.0|237.0Q 241.0 3.5] 3 0.60]0.19 BCHT1050
None Room§ ----- 215.0 | ----- 205.0| ----| 5 ----]0.60 SRH1050
None Room! 208.0 218.0 | 200.¢ 207.0 5.5 | 4.5 [high | 0.61 SRH1050
400 0 931 [Room 212.0 217.0(206.0 211.0 6 4.5 thigh |0.71 SRH1050
550 ; 0 100 |[Room| 214.0 217.0|208.0 212.0 6 5 jhigh | 0.56 SRH1050
700 | 0 931 |Room!| 235.0 242,0]228.0 234.0 6.5] 4 11.41 0.43 SRH1050
Cold
Cold Rolled Reduction
Room!| 131.0  ----- 61.0 ----- 23 -— 6.3 %
Room: 141.0  ----- 65.0 ----- 16.5 | ~--- 11,3 %
Room| 163.0 ----- 78.0  me--- i1.0|---- 22,2 %
Room| 168.0  ----- 109.0  ----- 10.0 | --~- 29.2 %
Room| 178.0  ----- 150.0  ----- 39.2 %
Room| 193.0  ----- 177.0 - 49.9 %
Room| 209.0 ----- 207.0 - 59.7 %
Rggm| 225.0  ----- 222,00 ----- 72.5 %
Cold Rolled + | Hour at 900°F
Room 129.0 7.0 28.5 6.3 9
Room 130.0 94.0 23.5 11.3 %
Room 158. ¢ 135.0 15.5 22.2 %
Room| 208.0 206.0 5 29.2 %
Room| 252.0 250, 0 2 39.2 %
Room| 277.0 276.0 1 49.9 %
Room| 290.0 290.0 1 59.7 %
Room| 310.0 305.0 (i) 72.5%
JWelded Joints (Tungsten Inert-gas Arc Welds with Parent Metal Filler)
None -1000 245.6 | ---e- 5,0 ----
None Room! 224,2 189.1 12,0[---- |0.04 veld
metal
None 650h 198.0 175.5 11,00 ----

Comments: @ Conditions of exposure, if any, between heat treatment and testing,
;Gag. tength wos 2 inches unless otherwise specified.
{ - All values average of three tests

Typical values

K .\" £) y -
320

b(3.272 offset yield strength unless otherwise specified.

d = longitudinal orientation T = transverse orientotion
g - 2-inch wide specimen

Fractured in the weld metal

I Pailed outside gage section,

128

i gage length 1/2 inch,




Steel AFC-77

INDEX OF MATERIALS

Data Heat

Sheet Organization Reporting Data Alloy Producer Number
1 Crucible Steel Company of America Crucible Steel Company of America 46073

72238
Composition, percent

Heat

No, C Mn Si P S Ni Cr \2 Mo Co N

46073 0.15 0.10 0.07 0.010 0,008 0.08 14.22 0.30 4.62 12.93 0.03

72238 0.17 0.0l 0.20 0.006 0.0l11 0.05 14,34 0.52 4.93 13.61 0.02

Cw
bt
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Alloy Designation: Steg] AFC 77

Heat Treotment

As noted below

Contributor:

Crucible Steel Company of America

_ SHORT-TIME TENSILE PROPERTIES

. Data Sheet No.: 1
Sheet Thickness, inches

T o U tched { th) . Fatigue-cracked
Prior exposure® Test nnotched {smoo speciment center notch Subsequent Treatment
es e = . T ™= s oo S I R
Temp.| Tensile strength, Yield s"englh,b Elong®| G.L., Elong,“ G.L, | Tensile strength, | Strength ratio,
TempStress| Time, | °F ksi ksi 4 in. % | in. ksi
“F ks hr. d not Lot
t Tt o Tl Liven Lioenl t Tt Corie 1L H
Iieat 46073 - 1900°F, ' hr., O.Q.: -100°F, % hr,, 700°F, 2 + 2 hrs.
-110] 260 208 11
76| 237 182 11
6501 234 146 12
650 |40 | 1000 | -110| 269 225 7
650 |40 | 1000 76| 215 202 10
€50 |40 | 1000 650 241 162 10
Heat 46073 - 1900°F, iz hr., O.Q.: -100°F, ' hr., 750°F, 2+ 2 hrs.
-1101 264 219 10
76| 237 187 11
650| 235 152 11
650 140 | 1000 | -110| 269 225 14
650 |40 | 1000 76| 252 204 1o
650 |40 ;1000 £50| 234 164 L6
Heat 46073 - 1900°F, 'z hr., O.Q.: CR 10%; 700°F, 2+ 2 hrs.
T110] 294 284 6
; 76] 264 255 5
i 650] 252 218 g
650 |40 76| 276 268 6 |
Hecat 72238 - 2000°F, O.{Q. plus subsequent treatment indicated .
Room| 258 170 : 193 0.69 -100°F,lehr.; 60p°F, 242 hr.
Room]| 245 185 194 0.79 -1060°F, hr.; 70p°F, 242 hr.]
Roomn 209¢ CR 5%; T00°F, 2 2 hr. |
Room 229° CR 10%; 700°F, 24+ 2 hr.
Room! 259 204 : 187¢ 0.92 S100°F,}2hr.; 80P°F, 242 hr.
Room: 281 272 ! 221°¢ 0.79 CR 5%; 800°F, 2 #2 hr.
; Room i 297 287 ! 191¢ 0.64 CR 10%; 800°F, 2+2 hr.
ROOM TEMPERATURE PROPERTIES OF WELDED AND UNWELDED SHEET SPECIMENS - HEAT 72238¢:f
Welding and Ileat-Treatment Sequence after Hot Rolling Sheet Thickness (m) Yield Schngth,!’ (ksi)  Tensile Strength (ksi) Elong. (%)
2000°F, A.C.; Welded; -100°F, %2 hr; 1100°F, 2 + 2 hr. 1/8 218 285 3
2000°F, A,C.; -100°F, % hr; 1100°F, 2 + 2 hr. 1/8 219 290 8
2000°F, A.C.; Welded; 1100°F, 1 + 1+ 2 hr, 1/8 220 283 5
Welded; -100°F, ‘. hr; 1100°F, 2 + 2 hr. 1/8 206 271 6
-100°F, 'L hr; 1100°F, 2 + 2 hr. 1/8 221 294 7
2000°F, A.C.; Welded; -100°F, ' hr; 1100°F, 2 hr
. ; ; . ; , , , S
_100°F, :: hr; 1100°F, 2 hr. s 22l 286 4
2000°F, A, C.; -100°F, '« hr; 1100°F, 2 hr, -100°F
, ALC.; , b : , . , N 5 .
< hr; 1100°F, 2 hr. 178 24 295 !
2000°F, A, C.; Welded; -100°F, ‘2 hr; 1100°F, 2 + 2 hr, 1/16 221 285 4
Weided; -100°F, '. hr; 1100°F, 2 + 2 hr, 1/16 208 275 5
ROOM TEMPERATURE TENSILE PROPERTIES OF COLD ROLLED AND AGED CONDITION - HEAT 72238
Condition Cold Reduction (%) Yield Strength, b {ksi) Tensile Strength (ksi) Elong. {%)
2000°F, ': hr, ©.Q.; C.R.; 800°F, 2 + 2 hr, 5 272 281 7
2000°F, *« hr, O.Q.; C.R.; 800°F, 2 + 2 hr, 10 287 297 &
2000°F, 2 hr, O.Q.; C.R.; 800°F, 2 + 2 hr, 15 297 308 5
2000°F, ‘. hr, O.Q.; C.R.; 800°F, 2 + 2 hr. 20 301 313 4 i
2000°F, iz hr, O.Q.; C.R.; 800°F, 2 + 2 hr., 30 326 331 3 i
C.R.; 1000°F, 2+ 2 hr, 55 327€ 347€ 2€
C.R.; 1100°F, 2t 2 hr 55 260¢ 326¢ 4¢ 1
C.R.; 1200°F, 2+ 2 hr 55 222 294 5

Comments: @ Conditions of exposure, if any, between heat treatment and testing.
Gage length was 2 inches unless otherwise specified.

e
_ Average of two or more tests _

125

b0.29 offset yield strength unless otherwise specified.

d, -

longitudinal orientation T = transverse orientation
Inert gas-shielded tungsten electrode welding process; no

130

filler metal.



A286

INDEX OF MATERIALS

Data
Sheet Organization Reporting Data Alloy Producer Heat Number
1,2 The University of Michigan Allegheny Ludlum 21467
Composition, percent
Data
Sheet C Si Mn Cr Ni Mo Ti
1 0. 057 0.60 1.10 15,22 24.86 1.24 2.12

Al \4 Fe P S B

0.23 0.33 Bal 0.028 0.007 0.0015

131
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Alioy Designation:
Heot Treatment.

__As noted below

Contributor:

The University of Michigan

SHORT-TIME TENSILE PROPERTIES

Doto Sheet No. 1

Sheet Thickness, inches 0,025

" _ : R
Prior exposure® feu Unnotched {smooth) specimens Sharp edge notches
est —_ . S J—— - -
Temp.| Tensile strength, Yield strength, b Elong.‘rG.lu Elong.| GL., | Tensile strength, | Strength ratio,
Temp.|Stress| Time, | °F ksi ksi % L in. % in. ksi N/S
N h d
Pl lsif he L L L 1 L T Tl Tt T
30% Cold rolled + 1300°F, 16 hours
None -110 202 195 169 166 14 [ 15 189 182 0.94 0.93
None Room| 185 181 163 154 11 10 180 180 0.97 0.99
650 40 | 1000 {Room |18} 182 162 157 9 11 179 174 0.99 0,96
1000 40 [ 1000 {Room |190 185 168 162 12 11 114 (e) 0.60 -——--
None 650 | 166 167 151 147 6 6 123 121 0.74 0.72
650 40 | 1000 650 |167 166 158 151 [ 7 143 123 0. 86 0.74
None 800 |162 163 145 146 5 5 116 115 0,72 0.71
None 1000 1153 152 138 136 4.5 4.8 125 119 0.82 0.78
1000 40 [ 1000 1000 ;156 157 141 142 5.0 4.8 134 108 0.86 0.69
80% Cold rolled + 1100°F, 16 hours
Noune -1101253 275 243 262 2.0 3.8 180 142 0.71 0.52
None Room|239 263 230 250 2.8 3.8 143 140 0.60 0.53
650 40 | 1000 |[Room|238 264 229 --- 2.5 3.3 130 126 0.55 0.48
None 650 | 204 230 192 216 1.5 2.5 108 83 0.53 0.36
650 40 | 1000 650 1207 200 197 - 2.0 1.0 112 123 0.54 0.61
None 800 195 220 188 206 0.8 | 3.0 98 92 0,50 0.42
1
{
|
|

Comments: ©Conditions of exposure, if any, between heat

tment and testing.

;Gugo length was 2 inches unless otherwise specified.
_ Failed during exposure

b0.2% offset yield strength unless otherwise specified.
dL = longitludinal orientation T = fransverse orientation

131

136




“pfusls A118UY paysjouun o3 YiBuaals ysjou jo oyes - S/N

tardwes ymou afpa daeys jo yifuans

2118u2) - GN ‘sayour 7 ur uoneBuora - ‘Buoyy !ypBusiis p[a1d 3asyo wadiad-y g - GA ‘YBuaiys a[rsusy arBWILN - LN Q)
agdaasuva] - I,
reurpnirduoT = I (e}
- - 0t 151 ¥81 - 66" 081 0t = 181 L
ot [ 184 BLI 01 ov1 LL -- at €61 181 - ~ 1,00€1 1€ 84y 91
[ 9¢1 0Lt o1 13 £L1 - 8¢ €51 281 L6° 081 11 £91 81 1
~
0
St 601 S'F 977 344 €9° 91 9 072 282 -- -- - 1 3
75 91t £ 207 v22 99 £l 8¢ ¥0? L1z - 9 261 502 --- --- 6 691 £81 1 .0071 3% 214 91 .
11
€5 0¥l 8¢ 052 €97 -- . L
09 - £F1 87 [11%4 6E7 --- .- £ 212 1z2 --- .- .- --- .- .- .- - .- .- 1 A,00T1 3§14 91
5 Lt ¥02Z 52 151 081 €€ 32 791 L 1zt et 1
S L7 €61 gLl --- - 5°2 [3:21 L91 === R S'g (324 261 - - 3 ozt 424 T TUON ~
o
s/N |sd ooo) | (%) [(rsd ocot) [(red goot) | s/n [(red goot) | (%) [(ved oo01) | (15d 0o0U) S/N j{r8d 0001} | (%) |(rsd 0oo1) |(tsd ooot) | s/N |(1sd oooU) | (%) | (1sd goot)| (1sd 0001) | wondaxig  auswnearg 1wapy -
SN ‘Buorg SA sin SN ‘Buoig SX s1n SN ‘duorg SX s1n SN ‘Buorg SA (@540 (®)
%08 QINIOM ATOD %S9 AANIOM aTOD %05 INIOM ATOD %0 AANIOM ATOD
ONIDV OL ¥OI¥d TVI¥ILVW 40 NOILIANOD
thdum.ﬂomgwu woox je 53597 [[®)
AOTTV 982-V
INAWILVHIYL LVIH A0 NOILVNIVAH
0° saYduIl ‘sseuyay] jeayg MOTaq pajou sy Juaunpal] IDIH
A %—m E%;m pvg (PSIOSUCAG YSVN] UeSTYOT JO AJIsISATUf) aYJ  oinqiiyuo) 982~V _ ‘uonuoubisag Ao|y






D979

INDEX OF MATERIALS

Data
Sheet Organization Reporting Data Alloy Producer Heat Number
1,3 The University of Michigan Allegheny Ludlum Ww23211
2 Lockheed Aircraft Corp., " " 21630
California Co.
Composition, percent
Data
Sheet C Si Mn Cr Ni Mo Ti
1 0.078 0.15 0.18 15.02 43.97 4,06 3.04
2 0. 06 0.14 0.16 14.5 43.6 4,2 3.2
Al w Fe P S B
1.02 3.57 Bal 0. 007 0. 006 0.12
0.9 3.8 Bal 0.015
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Alloy Designation: D979 Contributor: _ The University of Michigan _ _ _
Heat Treatment _____As noted ow_ U

'SHORT-TIME TENSILE PROPERTIES

" Sheet Thickness.

Data Sheet No.: _1

inches __ 0.025

Prior expasure® Tout Unnotched {smooth) specimens Sharp edge notches
es Tt T - T T - T = - -

—iTemp.! Tensile strength, Yield strength,b Elong’ G, [Elong.| G.L, | Tensile strength, | Strength ratio,

Temp |Sicess| Time, | “F ksi ; si .| in % | in. ksi N/S i
B kst ] b Ld i, 1 L 1 T 1 Tt 1
1 ] L SLE o it t S I
30% Cold rolted + 16 hours, 1200°F
Nuru-I 7110! 238 235 208 198 11.0 12.0 225 203 0,94 0. 84|
Nuree Room 222 216 198 182 7.0 8.0 211 197 4. 95 0. 4§
050 40 | 1000 Rootn 221 214 --- --- 6.5 8.0 211 177 0. 95 0.8
Nevrner 350 212 --- 1926 --- 4.3 --- 182 --- 0. 86 ---
None 650 211 195 198 174 3.3 5.0 164 t46 0,78 0. 75
650 © 40 : 1000 650 202 194 é 190 168 4,3 4.5 190 151 0.94 0.78
None i 800 19¢ 192 188 168 3.5 4.3 144 150 0.72 0. 78
50% Cold rolled + 16 hours, 1100°F

None ! -110 289 272 280 244 2.8 | 5.0 218 181 0.75 0,67
650 40 | 1000 -110 286 278 279 241 2.0 5.0 186 170 0.65 0.61]
teoo| 40 | 1000 | -110] --- O R [T - 158 136 | --- .-
None Room| 273 262 257 238 1.8 3.8 180 190 0.66 0.72
650 40 | 1000 |Room 269 260 263 235 1.3 ; 3.8 161 157 0.60 0.60
800 40 1 1000 |Room| --- .- - .- E_— --- 172 176 ——- ---
1000 40 | 1000 {Room| 263 261 255 234 <1 3.8 128 .28 0. 49 0. 49
1000 40 | 1000 |Room --- --- - --- - --- . 146° 161°€ 0.55 0. 62
None 650 244 237 239 213 1.5 ‘ 2.5 143 123 0.59 0.52
650 40 | 1000 650 244 237 240 210 1.3 2.8 149 155 0.61 0. 65
1000 | 40 | 1000 | 650 | --- R . - 111 133 ) ---
None 800 230 233 (£} 206 1.5 1.8 158 136 0.69 0. 58
None 1000 214 234 (f) 204 1. 1.5 126 115 0.59 0. 49
1000 40 1000 1000 215 228 (f) 204 1.0 2.3 136 119 0.63 0,52
1000 | 40 1000 | 1000| --- EEE EEE 1137e 113% 1 0.64 0. 50

Comments: @ Conditions of exposure, if any, between hea! treatment and testing.
:‘Goga length was 2 inches unless otherwise specified.
_ Notch machined after exposure

Alloy Designation: DN979 o Contributor: __Lockheed Aircraft C i Calif

Heat Treotment: _Solution trealed 15 min. at 1850°F, air cool, and aged 6 hre. 1550°F, air ceol, and
16 hrs, 1300°F, air cool

TEAR-TEST DATA

bOJ% oftset yield strength unless otherwise specified.
dy = longitudinal orientation T = transverse orientation
_ _Specimens failed near the yi

eld strength

Doto Sheet No.. 2
Sheet Thickness, inches -

Test Crack Propagation Data Control Coupon Data
Temp Test Thickness Width Load Fg Crack Length Fiy Feu Elongation
(°F) Direction (in, ) (in. ) {lbs.) {ksi) {in.) dw/da (ksi) {ksi}) {70}
Room L 0. 054 8,98 42900 88.5 1.62 689 150 195 7.0
Room L 0,054 8.97 36000 62,0 2,59 568

T8
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INDEX OF MATERIALS

Data
Sheet Organization Reporting Data Alloy Producer Heat Number
1 The University of Michigan Allegheny Ludlum 1.1842

Composition, percent

Data
Sheet C Si Mn Cr Ni w
1 0.09 0.65 1. 34 20.37 9.60 14. 49

Fe P S Co

1.98 0.009 0.010 Bal
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Alloy Designation:_____L.-605 . Contributor: The University of Michigan Data Sheet No.: L
Heot Treatment: o JAs noted below - — Sheet Thickness, inches 0 2
L __SHORT-TIME TENSILE PROPERTIES
Prior exposure® reu Unnotched (smooth) specimens Sharp edge notches
es — - co - N - o T B T - I — D B e |
—_— <Temp.| Tensile strength, Yield strength,b |ElongS G.L., {Elong.| G.L, | Tensile strength, | Strength ratio,
Temp,Siress| Time, | °F ksi ksi in. | % | in. ksi N/S
h d B
Fobs| b L T 1 L T L Tt an 1
Cold reduced 25%
None -110 234 241 154 187 15 10 197 197 0.84 0.83
None Room| 208 21 154 163 12 9 176 174 0.85 0.82
6550 40 | 1000 |Ruom| 215 23 172 197 9 9 200 209 0.93 0.91
Nome 3150 194 197 133 150 i6 9 153 152 0.79 0.77%
None! : 050 186 193 143 158 15 1 8 164 142 Q. 88 0. 74
450 40 | 1000 650 188 197 147 167 8 ! [ 155 155 0.82 0.7
Notie 800 184 196 140 162 7 5 143 130 0.78 0.6
None 1000 181 190 ' 143 164 12 7 148 140 0.82 0. 74
1000 40 1 1000 1000 183 195 . 164 174 3.5 2.5 {e) (1) _— -
Cold reduced 35%
Nune Roam| 232 : 191 8 172 0.74
None 650 | 212 {168 7 156 0.74
Cold reduced 45%
Nemed -110 291 305 211 230 2.8 4.5 157 140 0.54 0. 44
Nutie Room| 264 276 182 192 2.5 3.8 146 137 0.55 0. 5%
G50 40 { 1000 {Room| >2908 302 247 258 >0, 8 3.0} 156 127 <0.54 0. 44
Noe 350 250 2613 182 202 2.5 3.8 128 124 0.51 0.47
Nune 650 251 262 193 208 2.0 2.5 118 130 0. 47 ED|
650 40 | 1000 ; 650 257 264 214 213 2.3 2.8 154 a7 0.60 0. 37
None 800 249 260 203 221 2.0 2.0 144 107 0.58 0.4}

Comments: @ Conditions of exposure, if any, between heat treatment and testing.
‘,Gugo length was 2 inches unless otherwise specified.

113

VL Notched specimen fractured after 26.4 hours exposure

b0.'27. offset yield strength unless otherwise specified.
dp = longitudinal arientation T = transverse orientation
Notched specimen fractured after 33.4 hours exposure

gSpecnnen broke at pin hole, not in gage seclion

150



N 155

INDEX OF MATERIALS

Data
Sheet Organization Reporting Data Alloy Producer Heat Number
1 The University of Michigan Allegheny Ludlum M-5623
Composition, percent
Data
Sheet C Si Mn Cr Ni Co Mo
1 0.11 0.72 1.62 22.14 19.91 19, 50 3.22
Cb
+
Ta w P S Fe
1.21 2,40 0.017 0.011 Bal
113
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Contributor: The University of Michigan o Data Sheet Na.. 1

Alloy Designation: ___ .
Sheet Thickness, inches

Heat Treatment __

_ SHORT-TIME TENSILE PROPERTIES

Prioe exposure® Unnotched (smooth) specimens Sharp edge notche
Test —— - T — - - — - === =
~ -ATemp.] Tensile strength, Yield strength.b | Elong®| G.L., |Elong.i G.L, | Tensile strength, | Strength ratio,

Temp|Stress| Time, | °F ksi ksi 4 in. A in. ksi

'F ksi hr d I
- - L T 1 L Tt T T T
None -110 216 222 180 185 12 10 213 194 0. 99 Q. 87
None Room 188 190 167 159 7.0 8 183 168 Q.97 0. 84
650 40 | 1000 |Room| 205 211 189 183 4.5 & 197 164 0. 96 0. 78
None 350 173 178 150 158 2.5 3.3 160 118 0.92 0.6
None 650 168 175 151 154 1.5 2.3 110 114 0.65 0.6
650 ! 40 | 1000 650 170 179 155 158 1.8 2.3 131 102 0.77 0.57

i
N()rw; 800 166 173 150 147 2.5 1.8 127 a7 0.76 0. 56/
Cold reduced 55%
None! Room| 209 183 4.5 ] 179 0.86
None | 650 | 190 170 1.5 132 0,69
Cold reduced 65%
None -110 247 264 210 227 6.0 ! 8 212 t64 0. 86 0.62
None Room 217 232 185 187 3.8 ; 5.0 186 115 0.86 0.5
650 40 | 1000 |Room| 244 259 224 227 2,0 2.3 180 122 0.74 0. 47
Noe 350 201 215 165 177 2.3 3.0 154 107 0.77 0.3
None £50 198 213 176 186 1.8 1.8 144 88 0.73 0. 4]
650 40 | 1000 650 207 221 188 199 1.8 1.8 118 91 0.57 0. 4]
None 800 201 213 174 185 1.5 1.3 118 b9 0. 59 0.3
i
a — - "
Comments: (Condlhons of exposure, if any, between heat treatment and testing. bo 29, offset yield strength unless otherwise specified.
Goge length was 2 inches unless otherwise specified. dp =y, gitudinal orie i T= se orientati

154
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INCONEL W

INDEX OF MATERIALS

Data
Sheet Organization Reporting Data Alloy Producer Heat Number
1 Lewis Research Center, NASA Allegheny Ludlum 3565-WL
Materials Research Laboratories, Inc. (a)
Composition, percent
Data
Sheet C Mn Si S Cr Ni Al Fe Ti

1 0.04 0.50 0.59 0.007 15.19 74.19 0.68 6.23 2.52

{a) Salt exposures

118
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Materials Research Laboratory, Inc. {Salt exposures)

Alloy Designation: ____Inconel W Contributor: _ ! N. Lewis Rescarch Center_ R Data Sheet No: __ |
Heat Treatment Az poted below i . I S, Sheet Thicknass, inches _ 0.025
o SHORT-TIME TENSILE PROPERTIES SALT FXPOSURFS
Prior exposure® Unnotched (smoath) specimens Sharp edge notches Sharp edge notches ©
Test |—-—— ——- - -
—{Temp.| Tensile strength, i Yield strength b strength, | Strength ratio, | Tensile sirength,
Temp.|Stress| Time, F si ksi ksi N/S ksi
b ksi h d !
Pl L T 1 t Tt an T
50% cold rolled
T
None -110 167.5]) 12 s 196. 8 192,64
0z 00
None I O e T T 2021 188,81 ! i
650 40 | 1600 -110 63,11 115 12.5 aIQh'O 188. 4 R 102
650 | 40 | 1000 | -110|-----  ---a- cmee e 1201, 0 200.0| "’
None Roomj 178, 4 170.9 | 164.7 147,60 2.5 & 180, 8 174, 3 } 100 1,02
None Room| -<<==  —-uuo- e 175.4 174.2 - |
650 40 . 1C00 |Room| 184.4 175.5| 166.0 138.7 9.5 (1) 187.4 177.5 102 1. 00! |
650 | 40 01000 |Room|----- eeeao]ooeosaaoo- - 187.5 174.1 - |
None G50 150,49 146,11 130.4 5.5 G.5 161.6 156.4
None : T . 164.9 155, | 078 1.00
i
650 40 | 1C00 650 157,7 | 147.0 124.0 (f) 10,5 138, 7 130.3 1 o.n2 0. 84
.50 40 1 1600 | 650 | —--an cema ] mmoo- —ooos - 161. 0 133.2}°
50% cold rolled & 1300°F, 20 hours
None H -110]222.7 212,14 191.2 176.3. 12.5 11.5 202.2 191.2 Vo0.89 0. 90
None i T T X e [P 192.5 191. 1 i ’
3 } - 2 2 23 . . q6. 8 . .
650 40 i 1600 110(223.7 213,91 192, 3 180. ; 11.5 15.5 1 2 187 E 1 0.88 0.87
550 | 4011000 | -110]-----  -ee-- ceee e b - 197.9 186. 7
None Room|213.7 203,0| 186.2 (f) 11 186.9 179.8 S .
: . 0. i
None : S U . - 187.3 170, 2]} 0-88 86 :
650 40 | 1000 |Room|209.0 137.3| 182.6 169.5 8.5 11.5 183. 7 173.7 }oo.87 0. 90
650 | 40 1000 |Room| -=-=-  ceeoofaooao oo e 179.5 180, 4
‘ :
None : 650 187. 4 164, 1 10 164.0 135.4(,
. i 0 .
None i 650 | ---oo e | —mee- o 157.7 146, 0 86 0.78
b50 40 1000 650 | 180.0 179.4 | 161.0 8.5 159.0 134.5 } 0.93 0.72 :
650 40 1000 | 650 | ----- oo ] oo-- .- 174.0 124.2 i 1
65% cold rolled
y ~110] 210, - 202.6 | 205 2. 3 :
Nemel TS Sinoh s Aot IR 098 0.97
6550 40 ‘ 1000 -110 219.6 214,01 207.8 186.0] 10.5 1. 00 0. 96 222.4 221.0°
650 | 40 11000 | 110 -cen  comoo|oione oo A I 211, 0
650 60 ‘ 1000 ~1i0F ----- R B N 220.0 212.7
#50 40 ‘ 1000 -110 ----- T R oo 196. 7 187.0
None | Room ' 190.3 190,11 184.5 176.2 2 3.5 174.5 171.8
|
None ! Room =--==  emmen| cmmee mmeoo - . L1776 165. 9 } 0,23  0.89
“50 40 1000 |Room 191. % 177.5, 7.5¢ 10.5 200.5 190.51, 1. 00 0. 94 200.0 195.0
650 | 40 | 1000 Room|---=-  —-c-=o-omoo oooao 204. 3 187.8|" 7 209, 0 193.0
650 | 60 11000 !Room| -=--=  commelaceoo ooln e oo o---| 208.0 200.0
850 | 40 1000 (Room|-----  soenooio oo I I I 159. 8
: i
{650 175.8 177.0 164.56 150.0 4 6.5 163.6 159.1
0 a
T . N 165.1 yas. 7 09 8o
40 | 1C00 G50 178.4 182.3 162.7 155,19 5.5 8 146, 6 1.8 [ 0. 87 171. 6 173.0,
40 | 1C00 | 650 | ----~ JE e - E— 162,4 185,500 : 171. 4 173,01
60 | 1000 650 | ----- - ——--- el i e N e ---- ----] 182.2 166. 01
40 [ 1600 | 650 | ---oo  mmmen |om-os oo T .- _—-—_|153.8 116.7
65% cold rolied + 1300°F, 20 hours
None -110]231. 4 221.9|206.8 201.8 10.5. 12 205.3 190, 4
None I B 1 e PR — 195, 8 195, 7 P87 0.87
650 40 | 1¢o0 -110+232.2 226.4|205.9 196, 0 10.5 12.5 196, 9 200.0 ] o0.83 0. 88
650 40 | 1600 | <110} cmmmm e e e 189.2 198. 9
None Room 2)7.01193.9 195.0 5 [ 186. 8 191.4 X
None Room B —— 180. 8 170.5| .83 0.8
650 40 | 1000 |Room 212.5(194.1 188.2 8.5! 10 190.8 188.9 } o0.87 0. 88
650 40 | 1000 |Room| ----=  ccee | ooooooaaos I - 184.5 184, 0 .
None 650 |201.0 196.0 | 179.2 170.6) 8 30 156.9 13516 0 oo o
None 650 | —-cmn e | e e N N 145.7 ) ! “
650 40 | 1000 650 197.1 195,1,173.5 163.7 5.5 8 146. 8 157.7 b 0,76 .78
650 40 | 1000 | 650 | -----  sem--i----- a-o-- R PR 151.5 148, 5 !
'
|
Comments: ‘:Cond‘mons af QXDDSL—"E, if any, between heat treatment and testing. bO_Z% offset yield strength unless otherwise specified o
CGage length was 2 |>n:hes unle;s otherwise specified. dI. = longitudinal orientation T = transverse orientation
After exposure with a coating of natural sea salt. . _ [ = Broke outside gage marks.
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INCONEL X

INDEX OF MATERIALS

Data
Sheet Organization Reporting Data Alloy Producer Heat Number
1 Lewis Research Center, NASA =  -------- = e~
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Alloy Designation: ____ Inconel X Contributor; NASA, Lewis Research Center Doto Sheet No: _L
Heat Treotment: As noted _ R — R Sheet Thickness, inches _ 0.025
SHORT-TIME TENSILE PROPERTIES
Prior exposure® . Unnotched (smooth) specimens Sharp edge nolches
est - 1 R - T —T - A
Temp.| Tensila strength, Yield s'nngvh,b Elong.‘.,‘ GL., |tlong.| GL., | Tensile strength, | Strength ratio,
Temp.(Stress| Time, | °F ksi ksi b1 in. % in. ksi N/S
° H d
Folksif L Tl T L T L Tt T Tt
Cold rolled 27%
None 650 136.0 118.6 15.5 131. 6 0.97
650 40 | 1000 650 1128.¢6 112.1 18 113.9 0.88
Cold rolied 67%
None 650 194.8 195.2| 156.0 156. 0 1 3.5 153.8 139.1] 0.79 .71
£50 40 | 1000 650 |197.1 198.1| 195.4 117. 4 2.5 4.5 162. 6 149.8] 0.82 76

{

|

Comments: 9Conditions of exposure, if ony, between heat treatment and testing.
©Gage length was 2 inches unless otherwise specified.

155

dL

bO.2Z offset yield strength unless otherwise specified.
= fongitudinal orientation T = transverse orienlation
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R 27

INDEX OF MATERIALS

Data
Sheet Organization Reporting Data Alloy Producer Heat Number
1 Allegheny Ludlum Steel Corporation Allegheny Ludlum 23676-4

Composition, percent

Data
Sheet C Mn Si Cr Ni Fe Cb Ti Al B
1 0.08 0.24 0.03 15.2 44,8 Bal 4.6 2,1 0.35 0.011
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Alloy Designation

Heaot Treatment: .

R-27

__As noted below

Contributor: _Allegheny Ludlum Steel Corp.

_ SHORT-TIME TENSILE PROPERTIES

- Data Sheet No.: !
Sheet Thickness, inches __

Prior exposure® rou Unnoiched {smooth) specimens Sharp edge notches o ]
es SRR T R - R R
——7 ——Temp.! Tensile strength, Yield ;lrong'h‘b Elong’| G.L, {Elong.! G.L., | Tensile strength, | Strength ratio, T
Temp,Stress| Time, Fol ksi ksi 3 L in % in. kesi
‘ d T - -
Pl ™ t T 1 L LAt Tt T Tt r
2050°F, Water Quench
Nomﬂ JRaom 104, 0% € ‘ 55.06‘[ | ] ---------- R L
2050°F,WQ + 1400°F, 16 hrs,AC + 1200°F, 24 hrs,, AC
None| ~3ZO‘Z()].4 269.0]214.0 226,21 14.7 (2.2 14,212.25|208.0 192.% } o.82 0.73
None -320:261.4 268.4| 214, 4 225.57 12,9 |2.25|13.3]2,25|221.7 199.2 T .
None Room|211.1 210.9| 187.6 189.41 12.9(2.25|11.4(2.251179.4 171.€ } 0.87 0.84
Nnn(‘ Room|209. 4 210.31185.0 189.0] 13.1|2.25| 9.1|2.25]188.0 181.5% . .
650 | 40 | 1000 |Room|208.3 212.7] 182.7 188.51 12. 2.25(11.7(2.25(154.7 159.1 } 0,74 0.79
050 10 | 1000 iRoom|----- 212,37 ----- 188.9) —---|----]13.3]2.25]----- 176.4 : :
None 650 . 197.7 199.8 1 168.1 170.0] 12,7 2.25|10.7|2.25]|156.6 162.¢ } 0.79 0.77
None 650 ‘1"18.3 199.8 | 169.4 172.1] 12.9 2.25| 9.8|2.25|157.5 147.0 ’ )
650 40 ¢ 1000 650 197.4 199.6 | 167.2 172,71 12,0 2,.25|12.0(2.25|174.2 166.1 } 0.87 0.83
650 40 | 1000 | 650 |196.2 199.0 1 167.7 173.4° 13.3 2,25|10.0(2.25|166.2 163.9 ’ ’
i !
| :
None :‘800 194.0 196, 3| 165.6 1707 12.4‘2.25 11.3|2.25|167.5 159.9 } 0.83 0.84
None ‘ 800 194, 4 196.9 ] 167.0 171.2[ 12.912.25|13.3(2.25|154.9 168.5 : °
BEND PROPERTIES (90° BEND)
HEAT TREATMENT BEND SEVE}R‘[TY RESULTS
(Radius /Sheet Thickness) L T
2050°F, WQ 0.5 Passed Passed
2050°F, WQ + 1400°F, 16 hrs., AC 5.0 Failed Failed
2050°F, WQ + 1400°F, 16 hrs., AC < .
+ 1200°F, 24 hrs., AC 5.0 Failed  Failed
Comments; ':Condi'ions of expasure, if any, between heal treatment and testing b 29 offset yield strength untess otherwise specified
<Goge length wos 2 inches unless otherwise specified. d = longitudinal orientation T = transverse orientation

. Testing direction not stated
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Data
Sheet

Organization Reporting Data

INCONEL 718

INDEX OF MATERIALS

(S 23S = UV V)

International Nickel Company, Inc.
Huntington Alloy Products Division

T 1Al "

L} Tt "

T

T

North American Aviation, Inc.
Lockheed Aircraft Corp., Calif. Co.

1

t

Composition, percent

Alloy Producer

"

tt

Data
Sheet C Mn Fe S Si Cu
1 0.04 0. 38 18.16 0.007 0.21 0. 04
2 0.05 0. 31 16. 88 0. 007 0.26 0. 05
3 0.05 0. 31 16.23 0.007 0. 30 0. 06
5 0.05 0. 31 17.11 0.007 0. 35 0.07
Cb
+
Ni Cr Al Ti Mo Ta
53.38 18. 47 0.51 0. 87 3,03 4,88
54, 80 17.96 0. 50 0. 88 3,02 5.26
54,33 18.73 0.42 0. 89 3.25 5. 40
54. 34 17. 46 0.62 1.13 3,43 5.10

167

International Nickel Company, Inc.

Heat

Number

Y8455

Y8548
4680E

Y8427
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Alloy Designation: ___ Incone] 718 Contributor: _Huntington Alloy Products [ 4 kel Co,
Heat Treaiment: __Asmoted below. .. . L _____ ... _ Lo I .. Sheet Thickness, inches _ _

8]

_ SHORT-TIME TENSILE PROPERTIES

Dota Sheet No.: . L.
027

Prior exposure® tew Unnotched (smooth) specimens Sharp edge notches
est [— - - . e - —
Temp.|{ Tensile strength, Yield strength,b Elong‘{ G.L. jElong.: GL., | Tensile strength, | Strength ratio,
Temp (Stress| Time, | “F ksi ksi % lin | % | in ksi N/S
F k h d e . 1 |
o i L T T L 1 L v Tl T T
_ e } ]
Cold rolled + Annealed [BO0°F, 1 hr, + 1325°F, 8 hrs,, Furnace cooled 20°/hr, to 1150°F, then AC
None DTN P 212.0] ~-n-- VRS oo 25,0 o [ oo IUEVE]
None Room|-=--- 196, 0 —mmnn 163.0] —oea|meeal2ii0) o] onnas 185,00 - 0.3
650 40 | 1000 |Room|----- 197,07 ----- 162 5 - |- --- 20,0 ===~ | -=--~ 178, 0 --- 0.1
i i
Nune 350 i----- 191.0| ----- 153,00 ---- | ----120.0 ----| -2 ----- --- ---- I
None 650 . 1705 ] —---n 141, 5] —--- R 158.0] --- 0,92
650 | 40 {1000 | 6350 B 72,0 --n 137.5] ---- I TR 163.00 - 0,95
None : FT T 188.0 | <=nn- 128,00 —ooalooii23 00 conn | oot 186.0|  --- 0,83
None 1000 | ----- 169, 0| ~---~ 114.0| ---- " ----124.0] ~---] ----- 143.0 --- O‘H:\{
Cold rolled + 1325°F, 8 hrs, Furnace cooled 20°/hr, to I150°F, then air cooled
None 2320 caenn 260.5 | --mnn 229.0] —oao oo 13,0 manfoan o 230.5] --- 0.91
None S0 —eeae 232.0 . —-n-- 206.5] —mon o170, oo e 209.0]  --- 0. 88
None Room| ----- 221.0 - 1938.5 - 12.0| - e 196, 3 --- . 849
650 40 ; 1000 |Rowmm| ----- 212.0] ----- 195.5] ---- 1 ----i13.0| ----| ----- 19490 - 0. 94
None 350 oo 205.0 | <---- 188.5) —---|-oo- 12,00 ~onn | omat 179.7] ---  0.88 |
None f 650 [oeoo- 193.5 | -=--- 179.0] =mmo oo 12,0 —cociooaos 173.5] -——  ©0.90
650 | 40 [ 1000 | 650 |----- 198, 5 ~---- 182.0| oo moen T TS S 172000 --- 0 0,87
i
None BOO | -----  ameao| oo i S [ (S . 169, 0 - S !
None 1000 | --on - 180,5 | ~---- 165.3) ~o- oo 10.0) cen | eeae st o 0a2
i i .
i
Alloy Designation: ___Inconel 718 Contributor: _Huntington Alloy Products Div., The International Nickel Co. Date Sheet No. 2
Heot Treotment Cold Rolled + Aged 1325°F, 8 hours; Furnace Cooled 20°/hr to 1150°F; Air Cooled Sheet Thickness, inches _._[.040
SHORT-TIME TENSILE PROPERTIES
. _ 2 , bl S
Prioe exposure® ' Unnotched {smooth) specimens Sharp edge notches
est f——-- s i ¢ | -
--—-—tTemp. | Tensile strength, Yield strength.b [Elong®| G.L., (Elong.' GL., | Tensile strength, | Strength ratio,
Temp.|Stress| Time, | "F ksi ksi o n. % i in. ksi N/S
F ksi br d
L R T A I § 1 L TL |G T
None Room| «-—-- 214.5] - - 197. 13.0] ---- T
Alloy Designation: _Inconel 718 Contributor: _Huntington Alley Products Div,, The International Nickel Co, Data Sheet No.

1325°F, 8 hours; Furnace Cooled 20°7

Heat Treatment. ___Cold Rolled + Ag

SHORT-TIME TENSILE PROPERTIES

| Prior exposure® Unnotched (smaoth) specimens

Sharp edge notches

Test - - , — - e o
—_— - —+4Temp.| Tensile strength, Yield strength b Elong$| G, IHong N G L. | Tensile strength, | Strength rafio, ],
Temp, Stress| Time, | 'F ks ksi A in. i ksi N/S i
F 3 h d I
i ¢ ! t Tt 1 L L Tt Tt Tt
1\'<»m-] Room| - ---- 210,05 - 193, 5] wcen]| onon ] B I I . 0. o

Comments. ©Conditions of exposure, if any, batween heat treatment and te £0.2% offset yield strength unless otherwise speafied
¢ Gage length was 2 inches unless atherwise specified dy = longitudinal orientation T = transverse orientation

161

Sheet Thickness, inches __ (, 050




Allay Designation: ___Inconel 718 — Contributor: North American Avjation, Inc - Data Sheet No. 4
Heat Trectment: Ann + aged according tao strength; Drazed at 1900°F and air cooled 1 heated at Sheet Thicknass, inches 0,040 _
1600°F for 4 hours and air cooled + 16 hours at 1325°F and air cuoled
o ~ SHORT-TIME TENSILE PROPERTIES
Prior exposure® ; Unnotched (smoath} specimens Sharp edge notches t
est ———————— - —— o - - B S— —
-—Temp.| Tensile strength, Yield s|nnyth,b flong.! G.L.. | Tensile strength, | Strength ratio,
Temp.iStress| Time, | “F kesi ksi % in. ksi N/S
“F ks he. T L TlL T it T
1
None Room 189 142 21.5 !
None Room 191 143 16 1
None Room 190 137 23 ! ;
i
i

Comments: ®Condifions of exposure, if any, between heat treatment and testing. bg 2% offset yield strength unless otherwise specitied.

éGagc length was 2 inches unless otherwise specified.
_ Test direction not stated

STRESS-CORROSION TESTS

Cantilever beam tests at 650°F in circulating air furnace.
Salt coated by dipping in hot concentrated b parts NaCl + 1 part MgCl, and drying.
flat surfiace

Smooth and Notched Specimens Tested - 60°V-notches, 0,010-inch decp with 0, 005-inch rout radius, machined avross

at point of maximum stress and at a point of very low stress.

Maximum Stresses

Smooth Notched (@)

Test Condition (ksi) (ksi) Status at 4700 Hours

Bare Surface - continuously exposed 40.5, 39,1, 40.8 102.8, 102.8 No comment
b
Salt Coated - continuously exposvd( ) 38.7, 37.4, 39.¢6 98.8, 105.5 Darkening of surface and a few rust-like spots
Braze Coated - continuously exposed 34,0, 36.1, 36.0 99,1, 95.9 Slight darkening
Braze + Salt Coated - continuously exposed 36.0, 35.6, 35.9 92.4, 92.4 No commant
Salt Coated - 2 weeks at 650°F + 2 weeks
in humidity cabinet at 100°F intermit- 39,4, 38,7, 38,6, 39.5 - Rough surface and rusting

tently

{a) All specimens unbroken at 4700 hours
(o) Salt coating appeared spotty at 4700 hours

Alloy Designation: ___Inconel 718 Contributor: Lockheed Aircraft Corporation, California Company Dote Sheet No- &
Heot Treatment: As noted below I . o Sheet Thickness, inches e
TEAR-TEST DATA
Test Crack Propagation Data Control Coupon Data
Temp Test Thickness Width Load Fg Crack Length Fry Fey Elongation
{°F} Direction {in.} {in.) {lbs.} {ksi) {in. } | dw/da {ksi) (ksi) [§3)
Solution Treated and Aged 16 hrs. at 1400°F
-65 T 0.0630 8,99 76250 134,7 1.87 1859 173,46 210, 1 15K
-65 T 0,0623 8.98 61250 109.6 3. 10 2248
Room T 0,0631 8.99 75750 133.5 1.61 1553 155.5 104,.7 20,4
Room T 0.0626 9,00 58300 103.5 2,88 1816
600 T 0.0613 9.00 69200 125.4 1.83 1747 145,4 179.6 18,9
600 T 0.00623 9. 00 55800 99.5 2,66 1695
Cold Rolled and Aged 16 hrs, at 1400°F
-65 T 0.0609 w12 72750 131.0 1.79 1675 196, 3 218.6 ISPl
-65 T 0.0603 9.09 49000 89.4 2,87 1344
Room T 0, 0605 9.07 67900 123.7 1.87 1564 184, 9 205.3 12,3
Room T 0.0602 o, 12 51400 93.6 2,97 1544
600 T 0.0599 9.08 64300 118.2 2,03 1742 173.2 193.0 R
600 T 0.0600 9.02 48800 90,2 2,60 1355
162
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RENE' 41

INDEX OF MATERIALS

Alloy Producer

General Electric Company

Metallurgical Products Division
1 " Tt

Eastern Stainless

North American Aviation, Inec.  =-ce-----

{General Electric Company
Metallurgical Products Division

Data
Sheet Organization Reporting Data
1 The University of Michigan
2 " " tt 1A)
3 Northrup Corporation
4
5 The University of Michigan
6 Lockheed Aircraft Corporation,

California Co.

Cannon-Muskegon

Composition, percent

Data
Sheet C Si Mn Cr Co Mo
1 0.09 0. 07 0. 06 18. 97 11. 20 9.75
2 0.10 0. 06 0. 06 18. 48 10. 43 9, 37
3 0.10 0.01 0.10 18, 44 11.55 9.82
6 0.08 0.06 <0.02 18.70 11.50 9. 57
Ti Al S B Fe Ni
3,20 1.50 0. 006 0.0045 <0. 30 Bal
3.19 1.42 0. 007 0.0047 2.20 Bal
3,09 1.55  ----- 0.005 0. 26 Bal
3.26 1.59 0.011 0.003 0. 08 Bal
1643
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Number

R217
R216

VB-66
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Alloy Designation: ___ .
Heat Treatment. ___

L Q,

Contributor: __

00" F

6 hrs

The Univ
AL

PR ERATREN

ty of Michigan

.

_ SHORT-TIME TENSILE PROPERTIES

A_sponsored ) -
Sheet Thicknass, inche

Data Sheet No
0,025

1

Prior exposure® feat Unnotched (smooth} specimens Sharp edge notches
est |————- S s S —_
-- ———Temp.| Tensila strength, Yield s'veng'h,b Tensile strength, | Strength ratio,
Temp.|Stress| Time, | "F ksi ksi ksi
N hi d
Foyhof b L T T L T T Tt T
None -110]| 222 219 162 159 25 27 186 179 0. 84 0. 82
650 40 | 1000 -110 (217 203 166 164 17 10 183 178 0.84 0.88
1000 40 | 1000 -110 {227 223 171 170 27 19 182 176 0.80 0.79
None Room 204 204 154 154 2 23 172 171 0, 84 0. 84
650 40 | 1000 jRoum| 198 195 155 152 16 13 170 162 0, 87 0,83
800 40 | 1000 [Room| 187 201 156 154 11 25 169 169 0. 90 0. 384
1000 40 11000 {Room|203 201 157 --- 2 19 166 159 0.82 0.79
1000 | 40 | 1000 [Room]--- -- - 176° 169% 0,47 0.84
1200 40 {1000 (Room|213 206 167 161 22 19 170 148 0.80 0.72
None 350 {196 193 145 141 27 25 158 151 C.81 0.78
None! 650 184 191 145 147 24 2] 154 157 0.84 0.82
650 i 40 | 1000 650 183 180 142 143 19 14 156 148 0.85 0.82
100(); 40 11000 650 {186 188 143 149 23 26 146 151 0.78 0. 80
None 800 | 179 182 139 143 26 25 156 150 0.87 0.82
§20 40 | 1000 800 174 175 134 132 18 24 145 134 0.83 0.76
0.77
None 1000 | 175 178 133 138 : 24 20 148 145 0.85 0. 81
1000 40 | 1000 1000|179 176 145 138 16 16 121 131 0.68 0.74
1000 | 40 | 1000 | 1000 | --- --- -- 149 147¢ 0.83  0.84
None 1200 | 183 184 131 131 20 19 136 140 0.74 0.76
11200 40 | 1000 12001183 183 138 138 12 1l 137 134 0.75 0.73
H - S
Comments: @ Conditions of exposure, if any, between heot reatment and testing. bg2% offset yield strength unless otherwise specified.
;Gogo length was 2 inches unless otherwise specified. dL = longitudinal orientation T = transverse orientation
_ Notch machined after exposure - . I _ - S i
Alloy Designation: Rene' 41 Contributor: The University of Michigan Data Sheet No.. <
Heat Trectment: As noted below e I Sheet Thickness, inches __ 0.030
SHORT-TIME TENSILE PROPERTIES
[ e e L Rl e A - . e —
Prior exposure® reu Unnotched {smooth) specimens Sharp edge notches
es '7 - T I S S - - 1 T 1 T -
—{Temp. | Tensile strength, Yield slreng'h,b ’Fong.“ L., Elong.Y G.L. | Tensile strength, | Strength ratio,
Temp/Stress| Time. F si si % in. % j in. ksi N/S
M : d
Bo| ksi ] b L T 1 L T L Tt T T T
Cold reduced 20% + 16 hours, 1400°F
T
NDDCE -110 247 244 214 209 14 14 221 190 0.90 0.78
Nunei Room 29 226 208 200 10 205 181 0.89 0.80
650 1 40 1000 {Room 30 - 205 --- iz -- 196 180 0. 85 -
1 Note 650 215 2049 150 188 bl 12 160 132 0,74 0.63
650 40 | 1000 50 213 208 189 185 11 11 160 166 0.75 0.80
None 800 213 208 192 185 13 9 126 130 0.59 0.62
Cold reduced 35% + 2 hours, 1500°F
None -1t0 268 255 246 229 10 10 " 199 199 0.74 0.78
650 40 : 1000 -110 268 254 244 229 10 9 ! --- 184 --- Q.72
1000 40 1 1000 -110 269 258 244 234 10 5 190 --- 0.71 ---
None 1 Room! 249 237 230 216 8 7 196 182 08.79 0.77
650 40 i 1000 |Room| 246 242 230 222 9 7 182 190 0.74 0.78
1000 40 ° 1000 {Room 251 240 237 221 7 6 147 161 0.59 0.67
None 350 243 --- 217 --- 9 ~- 181 174 0.74 -
Narne 650 229 222 210 200 7 8 138 155 0,60 0.70
50 40 - 1000 650 229 221 213 200 6 7 160 158 0.70 0.72
LOO0 Y . 1000 hao 230 228 219 218 7 7 140 143 0.61 0.63
None 800 221 217 210 196 6 [ 142 142 0, 64 0.65
None 1000 221 218 201 194 3.8 5 116 140 0.53 0.64
1000 40 1000 1000 227 219 206 193 3.0 3.5 133 lio 0.59 0,53
iNone 1200 228 223 189 183 15 10 119 115 Q.52 0.52

Comments: @ Conditions of exposure, if any, between heat treatment and testing.

Gage length was 2 inches unless otherwise specified.

176

b0.2% offset yield strength unless otherwise specified.
dy = longitudinal orientation T = transverse orientation




Alloy Designation: Rene' 41 Contributor: Northrup Corp. - Norair Division Data Sheet No.. _3
Heat Treatment _As noted below . e sheet Thickness, inches __ 0.040

SHORT-TIME TENSILE PROPERTIES

o ¢ Unnotched [smooth) specimens Sharp edge nokhes
Prior exposure Test — T o T e | .
T Temp.| Tensile strength, Yield strangth, b Tensile strength, | Strength ratio,
TEmplSness Time, | °F si ksi ksi N/S
Foidsi| W ¢ T T L T RS L 2 N S o 0 1
1975°F, /2 hr, ,WQ + 1400°F, 16 hrs,, AC
None Room| 203 156 20.0
None Room| 206 157 21.5
None Room| 207 158 21.0
None Room] 205 161 24,0
None Roomj 205 162 24,0 i
None Room| 206 158 27.0 ]
None Room: 197 154 27.0 H
None Room| 207 159 22,5
None; Room| 202 159 19.0
None ' 1000] 176 139 24.0
None 1000 179 142 27.0
None 1000 | 179 142 23.0
None 1300|173 139 10,01
None 1300|172 138 10.0%
None 1300 174 138 10.0| |
1975°F, 1/2 hr, ,WQ + 1400°F, 16 hrs,, AC + 1950°F, 1/2 hr,, AC + 1400°F, 16 hrs,, AC
None Room)| 204 156 26 T
None Room| 206 159 25 | ;
Comments: ©Condilions of expasure, if any, between heat treatment and testing. bO.’l‘Z offset yield strength unless otherwise specified.
¢ Gage length was 2 inches unless otherwise specified. dy = longitudina! orientation T = transverse orientation
R © Not stated whether Lor T ____ . . ___ . .. _._ . . L . R
Alloy Designation: __Rene' 41 Contributor: North American Aviation, Inc. Data Sheet No: 4
Heat Treatment. Ann. + aged; Brazed at 1950°F and air cooled t+ b hours at 1400°F and air cooled Sheet Thickness, inches

SHORT-TIME TENSILE PROPERTIES d

Prior exposure® reu Unnotched {smooth) specimens Sharp edge notches
es i - e - —-
—{Temp.| Tensile strength, Yield s'rsng'hlb Elong®| G.L., |Elong.| GL.,, | Tensile strength, | Strength ratio,

Temp.|Stress| Time, | 'F ksi ksi A in. %% in. ksi N/S

“F 1 ksi | h -

o T L Tt Tt Tt T
None Room 197.5 148.5 13.8
None Room 194, 147.5 12.6
None Room 194, 146.5 13.5
Comments: @Conditions of exposure, if any, between heat treatment and testing. 50.2% offset yield strength unless otherwise specified.

éGagc length was 2 inches unless otherwise specified.
. Testdircction not stated

STRESS-CORROSION TESTS

Cantilever beam tests at 650°F in circulating air furnace.
Salt coated by dipping in hot concentrated 6 parts NaCl + 1 part MgCl; and drying.
Smooth and Notched Specimens Tested - 60°V-notches, 0.010-inch deep with 0.005-inch root radius, machined across flat surface

at point of maximum stress and at a point of very low stress.

Maximum Stresses

Smooth Notched (a)
Test Condition (ksi) {ksi) Status at 4700 Hours
Bare Surface - cantinuously exposcd 54,5, 55.0, 55.6 147.2, 146.8 No comment
b
Salt Coated - continuously exposed( ) 55.3, 53.8, 54.2 145.3, 150, 4 Darkening of surface and a few rust-like spots
Braze Coated - continuously exposed 49.0, 48.6, 49.5 130.6, 126.8 Slight darkening
Braze + Salt Coated - continuously exposed  49.9, 50.0, 48.8 128.2, 130.3 No comment
Salt Coated - 2 weeks at 650°F + 2 weeks
in humidity cabinet at 100°F intermit- 55,9, 55.0, 57.4, 54.7 = ----- Rough surface and slight rusting

tently

A4 gL
(a) All specimens unbroken kY

(L) Salt coating appearcd spotty at 4700 hours

177



Altay Designation: Rene' 41 Contributor; _ The University of Michigan {NASA Sponsored) L Doto Sheet No.: .5
_As noted Sheet Thickness, inches _ 0. 030

Heat Trectment: _ N - [ -

EVALUATION OF HEAT TREATMEN1
REN 41 ALLOY

{all tests at room ternperature)

— -
CONDITION OF MATERIAL PRIOR TO AGING
ANNEALED COLD WORKED 20% COLD WORKED 35%
(a) urst YS Elong. NS UTS Ys Elong NS uTS ¥s Elong NS
Heat Treatment  Direction | (1000 psi) (1000 psi)] (%) [{1000 ps1)] N/S | {1000 psi}| {1000 psi) (1000 psi)f N/S {1000 ps:) | {1000 psi)| () | (4000 psajl N/S
R
L -- - 175 149 21 208 192 8 - -
None
I - - 221 205 12 - 251 <37 7 -
2 hrs ot 1400°F L - - - -- - 250 236 3 -
L 204 151 20 172 R4 229 208 10 205 .89 253 240 6
. I. 204 156 24 .- .- --- - 255 23 7.4 .
16 hrs at 14007F T 206 153 21 171 83 225 200 10 181 80 246 2e4 & 155 63
T 203 154 25 -- -
- 15007 F L - - 228 202 14 249 230 8 195 T
2 hrs
et e T 220 195 12 187 .85 217 216 7 182 77
:hrs at 1600°F £ o o
« nrsa T P - - 206 182 8 182 .88 223 198 11 190 85
. .- -- - .- .- .- 2 & 2 - - 22 Q 3 - -
S hrs at 1650°F ,1[ 1 f"“ 0 B a2d 190 " - -
{a) . Longitudinal
i Transverse
(b) UTS - ultemate tensile strength; YS - 0.2-percent offset yield strength; Elong. - elongation in 2 inches; N5 - tensile
strength of sharp edge notcn sample; N/S - ratio of notch strength to unnotched tensile strength.
Alloy Designation: __Rene' 41 o Contributor: _ l.ockheed Aircraft Corporation, California Company Data Sheet No.. &

Heat Treatment _____ Sclution treated at 1975°F, W, Q., and aged 16 hrs, at 1400°F e Sheet Thickness, inches _ -

TEAR-TEST DATA

Test Crack Propagation Data Cuntrol Coupon Data
Fergp Test Ihickness Width Loac Fa Crack Length Fry Tio \
(°F) Direction (in.) {ibs.) (ksi) {in.) dw/fda (ki) (ksi) (%)
Kuom L 0,061 8.98 61000 111 1.39 872 126 178 27
Room L. 0,061 8.99 52500 94.3 2.37 1130

0
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WASPALOY

INDEX OF MATERIALS

Data Heat
Sheet Organization Reporting Data Alloy Producer Number

{General Electric Company

B-
Metallurgical Products Division 119

1 The University of Michigan

Composition, percent

Data
Sheet C Si Mn Cr Co Mo Ti
1 0.08 0.07 0.04 19.63 13, 49 4,26 2.99
Al Ni Fe P S B Zr
1.40 Bal 2.30 -- 0. 007 0. 0048 0.03
171
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Alloy Dewanotion

Contributor

The University of Michigan

Data Sheet No. 1 _

FIFRVIN - . e
Heat Trealment tol el L o _ __ Sheet Thickness, inches _ U, 030
SHORT-TIME TENSILE PROPERTIES
- — | ; R
o | ; Unnotched [smooth) specimens Sharp edge notches
Prior exposure  Test H . o [ |
i Tes - - . I T .
—7 iTemp. | Tensile strength, Yield strength. b flong| Gl..IElong 1 G.L, | Tensile strength, | Strangth ratio,
Temp‘s,m{ fime. | F ksi ksi % e L% | n i
| | d - el
ke | b L _— T L 1 L L Tt Tt T
- i | P i - S o
Annealed +  Aged 16 hours at [400°F :
1?\um ] -1 207 211 145 [ 34 §4 . 151 13 0,73 0. K51
! ‘ ‘
s | R |8} 1y } 134 13447 31 3l 154 151 0, 51 0, 50
fi5t ‘ Gt O jRomn b tH-E ! 135 b il i 31 el 163 0,87 0, 89
Lo 1 1 TO0 Koo (R 187 141 137 31 30 159 1549 0.43 0. 85
‘ |
H 6 R0 e Lo L2 124 33 | RN 46 139 0. 87 0,83
i : |
% AT LI N T bt s iy i1 ! 30 b3R8 1346 O, %3 0,43
. i | |
e ! R } 1 [EER 120 120 32 1 34 136 39 0. B4 G.H5
' i ; | !
i | ‘
N ‘ ! (R 125 148 11 1n 53 27 139 131 0. 88 0,83
L 40 Lo 1 13 16:2 12% |43} 29 24 138 140 0, 85 0. 86
I
Cold reduced 40%  +  Aged 2 hours at 1500°F
NI -1tu 240 221 210 15, 4 P21 203 Q. &6 0, K5 T
I L N R T Y 110 RN 224 208 1. 17! 208 2049 0.82 0. 87
L HI (REIMS) 110 244 223 214 1. 13 ‘ 192 186 0.75 0,76
i i i
YR Ruson 232 216 201 G 11 ‘ 212 201 0. 89 .87
lamn i3t LGOO  Roon 224 1206 201 10, R 196 176 0. 8O 0. R
| i
‘iHHH HEOLEDOD TRoorm 228 215 204 a. 9 i 193 186 0,853 0, 82 '
: : | ! ;
| . | i i
RS Y |2 204 13 184 . 9 163 149 0.77 0.73
(ISt} 1l I0nn ! AB0 A 2044 228 184 B. 10 176 161 0.72 0.79
JREILS] Hy 1000 | 450 217 207 1as LRE 7. e} 158 160 0.72 0,77
[ None | HOO 2044 1an 188 180 7. 7 172 166 0, M4 0.83
i
' !
Note hooo | 204 109 177 156 1.5 7 169 166 1 0,83 0.83
RO RTINS IO ‘IOOO ‘ 213 214 190 180 5 J‘ 6 122 114 0.57  0.53 ; |
| i ! i
Comments: @ Conditions of exposure, if any, between heat treatment and testing. b0 2% olfset yield steength unless otherwise specified
“Gage length was 2 inches unless otherwise specified. dL = longitudinal orientation T = transverse orientation
EVALUATION OF HEAT TREATMENT
WASPALOY
(a1l tests at room temperature)
CONDITION OF MATERIAL PRIOR TO AGING
ANNEALED COLD WORKED 20% COLD WORKED 0%
(a) urst™ ¥s NS uTS Ys Elony NS uTS Ys Elong. NS
Fieat Treatment  |Direction | (1000 psi) {1000 psi) (1000 psi}| t/s | (1000 psid| (1000 ps2)| (%) (1000 psi)| N/S | (1000 pai) |(1000 psi)| (%) [(1000 pei)| N/S
Nome 1 129 62 64 87 67 181 124 25 149 82 189 171 5 187 99
’ 1 124 63 91 10 V52 121 25 152 1. 00 186 162 8 190 102
1 hrs at 1300°F L 179 127 34 148 83 218 190 15 197 90 243 219 6 21z 87
s 1 183 125 36 151 .82 213 183 13 201 94 240 215 7 198 .82
. L 181 127 34 140 77 207 179 14 197 95 219 6 195 81
Borsoat HIOOTE T 179 123 16 141 19 211 176 15 194 92 232 205 8 187 81
_ . I 191 139 31 154 81 - - -- o . .
fhnes at 14007F t 196 135 31 151 8O . - - . . . R
. [ 1no 136 32 154 .81 2qs 176 16 191 a3 237 216 a a2z 8
2 hrs at 1500°F
r 187 132 3 154 82 204 174 18 202 23 232 206 11 L0 87
At LRSAE 1 186 120 2K 143 77 - - . .
ot 14007 1 190 124 27 147 77 -- - -- ---
[RTI Longitudinal
1 [ransverse
() UDS - ultunate tensie strength, YS - 0. 2-percent offset yield strength; Flong - elongation in 2 inches: NS - tensile

strevgth of sharp erdge wotch sample; NJS -

183

ratic of notch streugth to uncotched tensile strength.
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V-36

INDEX OF MATERIALS

Data

Sheet Organization Reporting Data Alloy Producer Heat Number
1 Lewis Research Center, NASA Allegheny Ludlum  22021-2 CEVM
2 Materials Research Laboratory, Inc. " " "

Composition, percent

Data
Sheet C Mn Si P S Cr Co

1&2 0.291 0.91 0.20 0.008 0.013 24. 85 40. 36

Ni Mo Al Fe Cb w

20.26 3.92 2.12 2.47 1.60 2.12
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{Materials Research Laboratory, Inc. {Salt exposures)

Alloy Designation: V-36 Contributor: NASA Lewis Research Center Doto Sheet No: 1
Heat Yreatment ______As noted below. o e Sheet Thickness, inches
L SHORT-TIME TENSILE PROPERTIES SALT EXPOSURES
Prior expasure® Tea Unnotched (smooth) specimens Sharp edge notches Sharp edge notches
P T —— . e o T T i
Temp.| Tensile gth, Yield ] h, b EIong.J G.L. [Elong.| Gi., | Tensile strength, | Strength ratfio, | Tensile strength.
Temp.{Stress| Time, | F ksi ksi % l in. %% J‘ in. ksi N/S ksi
F k hr. —
* A T Tt T | L Tt Tt 7
20% cold rollted
None -110215.2 212.31172.0 188.46| 32 29,5 190.3 193.7 N
None R T ) N L C T T R - 186.2 187.8|) 087 0.90
650 40 | 1000 -110(218.0 215.11192.0 192, 1| 30 12.5 196.0 199.7 |, 0.90 0.91
650 40 [ 1000 | ~110 |--mve cmmo]aeee eeee - 197.5 192, 3]’
None Room|181.2 183,21 149.0 151. 5 26.5 12.5 174.1 181,41, 0.93 0.99
None ROOM | m=mmn  mmmmelmemom e - — 164.5 179.9)° o
650 40 | 1000 |Room| 185, 1 183.6 7 156.7 158. 6| 32 27.5 165.1 153.7 0.91 0. 83
650 | 40 | 1000 |Room|-=---  c-coelo-a-an aoo- R e 173.0 152.6 . .
None ‘Z 650 [166.3 166.37115.4 121. 2] 34 33.5 127.1 135.7y
None | | 650 | cceen mmeeelemess—eoee s V35,4 126.sl) 0.79 0.79
650 40 3 1000 650 ;166,77 170.31134.3 145.51 30.5 29.5 142.2 141,34, 0.85 0. 86
650 ] 40 [ 1000 | 650 |--e0  ceoceoooo ooo-- — 142.1 154.7]° O
30% cold rolied
None -110;245.5 248.6 | 215.7 213.7| 16 11 188. 4 161,11, 0.76 0.67
None B T 186. 8 174.1] " bt
650 40 | 1000 -110|261.6 265.3 242.0 231.7 7.5 9.5 182.5 164, 0], 0.72 0. 60l 182. 6 140. 2
650 | 40 | 1000 | <110|-cman  —oon- Poeeee s IO 191.5 152, 61" IR T T S,
i
None Room| 218. 7 220.9 . 184.8 182.1] 11 8 167.7 137. 64, 0.79 0. 65l
Nonel |  jRoom|-=-=+  —----looeao oo - 178.8 147,617 " :
650 40 | 1000 |Room|236.1 243,6| 207.9 204.0 5 3 185.0 142. 0y, 0.7 0. 62 179. 4 164, 4,
650 40 | 1000 |Room) ----- B IR T - [ 176.5 158,50 *P¢ 188.0 170. 0
| . |
None 650 201.0 202.0| 164.4 164.4} 17 13 150.3 123.2) 0.77 0.61 ‘
None ! B8O | wmmnn  mmmem| memee meee PRI P 157.9 122,80 U .
650 40 : 1000 650 | 199.5 203.4| 173.5 181.4} 11} 10 137.2 131.41 0.70 0.63 143.2 129.2
650 | 4011000 | 650 | -----  -e---| ccoo-  o--e- - 141.1 124.2]° <03 1539 141.0
50% cold rolled
! T T
None! -110| 304.0 349.0| 271.0 287.5 2.5 3.5: 119.0 82.3], 0. 3¢ .27
None S110| ----- e R [ 100, 5 103,30 070 -t
! i
{ None Room| 276. 0 286.0| 236.0 229.0 2.5 R 119.3 94. 3|,
INone Room| -=-==  ceooo| mmmee caaan - S 117.7 93.2| ' © 43 0.33
None 650 | 254.5 262.7| 219.7 208.9 2.5 ! ‘ 79.1 71.3
None 650 | c-eon e - U 77,01 031 0.28
Comments: ‘:Condi'icns of exposure, if ony, between heat treotment and testing. b0.2% offser vield strength unless otherwise specified
Goge length was 2 inches unless otherwise specified. dy = longitudinal orientation T = transverse orientation
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Identification key for noich-strength ratio plots

Ti-6A1-4V

Ti-8Al1-1Mo-1V
Ti-4Al-3Mo-1V

Ti-5A1-2.75Cr-1.25Fe

Type 301 stainless

AM350

AM355

Ann

Ann

AM3I67

Ann
Ann

PH 15-7 Mo

PH 14-8 Mo

A-286

D 979

L 605

N 155

inconel W

Inconel X
R 27

Inconel 718

Rene' 41

Waspaloy

Vv 3

2050° WQ + 16 hrs. 1400° + 24 hrs.

Annealed \%4

Solution treated + aged 7

Annealed ¥

Annealed @

Annealed Y

Soln. treat + & hrs. 900° (.

C. R. 34%

{ C. R. 51% {e]

C. R. 60% &

C. R. 20%+ 3 hrs. 950°

C. R. 20%+ 3 hrs. 825° ™

C. R. 30%+ 3 hrs. 950° (B

¢ C.R. 30%+ 3 hrs. 825° @

C. R. 30%+ 3 hrs. 700° =)

C.R. 45%+ 3 hrs. 825° [3)

L SCT condition

C. R. 20%+ 3 hrs. 950°

C. R. 20% + 3 hrs. 825° (=)

J C.R.30%+3 hrs. 950°

C. R. 30%+ 3 hes. 825° Bo)

C. R. 45%+ 3 hrs. 950° 73]

C. R. 45%+ 3 hrs. 825° B3

. 1500° + 16 hrs. -100° + 4-8 hrs. 950° @3
. 1400° + 16 hrs. -100° + 8 hrs. B50°
. 1500° + 16 hrs. -100° + 8 hrs. 850°

. 1350° + 16 hrs. -100° + 8 hrs. 950°

CH 900 condition
{ RH 1050 condition

TH 1050 condition

x|

&3

9

B9

SRH 950 condition B39

{ C. R. 30% + 16 hrs. 1300° %
C. R. 80% + 16 hrs. 1100°

{ C. R. 30% + 16 hrs. 1200°

C. R. 50% + 16 hrs. 1100° @9

C. R. 25% @9

C.R. 35% D)

C. R. 45% <3

C. R. 40% 9)

{ C.R. 55% @9

C. R. 65% @)

C. R. 50% @)

C. R. 50%+ 20 hrs. 1300° @3

C. R. 65% @)

C. R, 65%+ 20 hrs. 1300° 9

{ C.R. 27% 49

C.R. 67% &)

1200° 67

Ann. 1800° + 8 hrs. 1325°
C. R. + 8 hrs. 1325°

1975° WQ + 16 hrs. 1400°
{ C. R. 20% + 16 hrs. 1400°
C. R.35%+ 2 hrs. 1500°
Annealed + 16 hrs. 1400°
C. R. 40%+ 2 hrs. 1500°

C. R. 30%
C. R. 50%

GG ® e G®

{ C. R. 20%
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LTiIanium alloys

> Stainless steels

S Super alloys
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NASA-Langley, 1963
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